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PREFACE. 


In this little volume I have endeavoured to give a brief but 
intelligible and connected sketch of the more important of 
the numerous useful functions fulfilled by Electricity in 
modern daily life, the scientific principles underlying these 
practical applications, and the history of their development. 

It is addressed primarily to readers who have no previous 
knowledge of the subject, but who wish to know something 
of what Electricity has been made to do for us, and of how 
it has been made to do it. I trust, however, that it may 
also be of some use to students who are just beginning the 
study of practical Electricity, by giving them a general view 
of the field of knowledge which they will afterwards have 
to study in detail. 

I have to thank my friend, Professor Sylvanus P. 
Thompson, and his publishers, Messrs. Spon, for permission 
to use his excellent series of skeleton diagrams illustrating 
the principles of dynamo construction and regulation, 
together with some other illustrations from his Dynamo- 
Electric Machinery^ a most valuable work, which every 
electrical engineering student should not only obtain, but 
carefully study. I am also indebted to Professor Thompson 
and his publishers for the illustrations of Reis’s Telephone, 
which are taken from his book on the subject. 

My friend, Mr. Preece, and his publishers, Messrs. 
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PREFACE, 


Longmans, and Messrs. Whitaker, have laid me under great 
obligations by their permission to make free use of the 
illustrations in Preece and Sivewright’s standard work on 
Telegraphy, and in Preece and Maier’s recently published 
volume on the Telephone. 

I also have to express my thanks to the editors and 
publishers of The Electrician and Engineering for the use 
of illustrations, and to Messrs. Crosby, Lockwood, & Co. 
for some illustrations which I have taken from Sabine^s 
valuable historical work on the Electric Telegraph. 

In tracing the history of the telegraph and of submarine 
telegraphy I have been very much indebted to Mr. J. J. 
Fahie^s History of Electric Telegraphy ^ which first appeared 
in the pages of The Electrician^ and to Wiinschendorff^s 
Traitk de Ttlegraphie Sous-Marine^ the best work on 
Submarine Telegraphy which has yet been published. 
Lastly, I have to thank my brother, K W. de Tunzelmann, 
M.B., for contributing the chapter on Medical Electricity. 

G. W. DE TUNZELMANN. 


65 Longridge Road, 
South Kensington, 
October 1889 . 
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ELECTRICITY IN MODERN LIFE. 


CHAPTER I. 

WHAT WE KNOW ABOUT ELECTRICITY. 

It would be of the greatest interest to trace the progress of 
our knowledge of electrical phenomena from the early time 
when the Greek philosopher Thales first observed that a 
piece of amber rubbed with various substances was capable 
of attracting light objects, but the story would demand a 
volume to itself. I will try, therefore, to set forth, *as 
briefly as possible, the present state of our knowledge of the 
nature of electrical phenomena and of the means by which 
electrical actions may be produced. 

If a dry glass rod is rubbed w^ith one of sealing-wax or 
resin, and the rods are hung up by threads so that they can 
move freely, they will be found to attract each other ; but if 
two rods of resin rubbed with glass, or of glass rubbed with 
resin, are hung up near together they will repel each other. 

The rods are then said to be electrified, and as they 
exhibit two distinct phenomena — namely, attraction and 
repulsion — we see that there are two distinct kinds of 
electrification. 

If the rods are laid aside for a short time they will be 
found to have lost their power of attracting or repelling each 
other. These phenomena may be shown still more clearly 
by rubbing the rods with silk, when it will be found that 
two similarly rubbed rods will repel each other and two 
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dissimilarly rubbed rods will attract each other. The 
electrification of glass rubbed with silk is known as vitreous 
electrification, and that of resin rubbed with silk as resinous 
electrification. 

The ordinary cylinder or plate electrical machines are 
simply convenient devices for rubbing a glass plate or cylinder 
with silk or other suitable substance in such a manner as to 
obtain electrification in a comparatively large quantity. The 
electricity, as it is obtained from such a machine, is allowed 
to pass to a cylinder of brass supported upon glass legs, 
usually known as the prime conductor, and after the 
machine has been in action for a short time, it will be found 
that on bringing the finger to the prime conductor a spark 
will pass. If before trying this experiment the prime 
conductor is connected with the ground by a wire or chain, 
no spark will be obtained. The reason for this is that the 
electrification produced upon the prime conductor is not 
able to pass through the glass, but passes away as rapidly as 
itVas produced through the wire or chain. This shows 
that some substances will allow electricity to pass through 
them with facility ; such substances are called good conduc- 
tors. Other substance? only allow electricity to pass with 
great difficulty, and they are called bad conductors or 
insulators. The best conductors known are metallic bodies. 

Dry silk is a bad conductor of electricity, and therefore a 
conductor suspended by a dry silk thread will retain its 
electrification for a considerable time. Resin, and glass free 
from lead, are even worse conductors, or, in other words, 
better insulators than silk, and are therefore commonly used 
in making insulating stands for electrical apparatus. They 
must be kept dry, for if a film of moisture is allowed to 
form upon their surfaces this film will carry away the 
electrification. Air and other gases are absolutely perfect 
insulators, A simple and convenient instrument for detect- 
ing electrification consists of a small pith-ball suspended 
from a support by means of a dry silk thread. If an 
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electrified body is brought near to such a ball it will attract 
it, but when it comes into contact with the charged body 
the ball will take a portion of its charge and will be 
immediately repelled Such an instrument, being capable 
of indicating the existence of electrification, is called an 
electroscope. 

Take a rod of resin or sealing-wax, and have a small 
flannel cap made to fit exactly over the end of the 
rod, and having attached to it a dry silk thread Now 
place the cap upon the end of the rod and turn it 
round several times so as to rub it against the rod, and 
then bring the rod and the cap together to the suspended 
pith-ball — it will have no effect whatever upon the ball; 
but if the flannel cap is removed by means of the silk 
thread and brought near to the pith-ball it will attract the 
ball just as the charged conductor did, and after the ball 
has touched the flannel it will be repelled. If the rod 
which was rubbed with the flannel is then held near the 
pith-ball, the ball which was before repelled will l^ 
attracted. 

Now I will suppose that the reader has no further 
knowledge of what electrification coflsists in than has been 
furnished by the foregoing experiments, and I will ask 
him to consider what information they can give concerning 
its nature. What has been proved is that no electricity is 
actually generated, for the electrifications of the two bodies 
are equal in amount, but opposite in sign. 

Imagine for a moment that electrifying a body positively 
consists in adding a certain something to it, then electrify- 
ing it negatively to the same extent will simply mean 
taking away an equal amount of that something from it 
At this stage an analogy will be of assistance, for the 
great difficulty of forming exact conceptions of electrical 
action lies in the fact that we have no electrical sense. 
We are able, by means of our ordinary senses, to detect 
the presence, or the transference from one place to 
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another, of solids, liquids, or gases. Our senses again 
will tell us when one body is hotter than another; but 
we have no corresponding means of directly determining 
whether one conductor is more or less highly charged 
with electricity than another. Consider, then, what happens 
when a liquid — such as water, for example — is poured from 
one vessel into another. If we have a certain quantity of 
water contained in two vessels, we may pour water from 
one into the other ; but the exact amount poured into one 
must be taken out of the other, always supposing that no 
water is brought in from outside, and that no loss takes 
place of the total amount in the two vessels. 

Now carry the analogy a step further. Suppose the 
water to be at the same level in the two vessels, and 
suppose we have the means of connecting the two by a 
tube, by which water can be driven from one into the 
other. To do this, suppose the vessels to be cylinders, 
and suppose that a piston fits air-tight into each cylinder, 
awd floats upon the water contained in it. Imagine that 
the vessels are opaque, so that we cannot see what goes 
on inside them; but assume that we have the means 
of forcing down one of the pistons, so as to drive the 
water into the other vessel. Let the space above the 
piston in each cylinder be occupied by air, and let a tube 
with a narrow opening be fitted into the top of each cylin- 
der. Now let the pair of cylinders be given to some one 
who is ignorant of what they contain, and ask him to 
work the mechanism for depressing the piston. Suppose, 
moreover, that he does not know which piston is de- 
pressed by the mechanism. He will have no direct means 
of observing the amount of water inside ; but if he allows 
some light objects, such as pieces of tissue paper, to 
fall near the ends of the two projecting tubes, he will 
find that the paper is attracted towards one tube and 
repelled from the other — the reason, of which he knows 
nothing, being that the water, which is forced into one 
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cylinder, drives out the air above it through its tube, while 
the descent of the piston in the other cylinder allows air 
to rush it) through its tube. He will therefore find two 
different effects produced — namely, attraction of the paper 
to one tube, and its repulsion from the other. If now he 
takes a tube of the form of the letter “ Y,” and connects 
the two arms by means of india-rubber tubes with the 
tubes issuing from the two cylinders, he will find that 
pieces of paper placed near the stem of the “Y'" tube 
will neither be attracted nor repelled, the reason of course 
being that the amount of air sucked into one cylinder is 
equal to the amount driven out of the other, so that no air 
is either driven out of the stem of the “ Y ” tube or sucked 
into it. We must suppose that the experimenter is only 
able to observe the attraction of the paper to one tube and 
its repulsion from the other, and that he has no means of 
finding out that these are caused by the expulsion of the 
air from one tube and by its being sucked into the other. 
He will therefore have exactly similar data to those obtained 
from the electrical experiments, and he will draw the con- 
clusion that the effect of working the mechanism is to 
cause the two cylinders to give rise ^o two distinct effects, 
but that the sum total of the two actions is zero. This 
analogy will help to explain how it is that though we 
know absolutely nothing of. what electricity really is, yet 
we are entitled to assert that, when electrification takes 
place, something occurs like the transference of an incom- 
pressible liquid from one place to another. 

In the application of electricity to practical purposes what 
is required is either to maintain a continuous flow of elec- 
tricity through a conductor, or to make it surge repeatedly 
backwards and forwards through the conductor. It is there- 
fore necessary to consider the means by which electricity 
can be set in motion. Take a metallic cylinder resting hori- 
zontally upon an insulating stand, and from each end of it 
suspend by means of a thread a pair of pith-balls. Then 
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bring one end of the cylinder near to a conductor charged 
with, say, positive electricity, and it will be found that 
the pith-balls will immediately diverge from each other. 
Now rub a piece of sealing-wax with some silk, and, 
keeping the charged conductor near the end of the 
insulated cylinder, bring the sealing-wax near to each pair 
of balls in succession, when it will be found that the pair 
nearest to the conductor will be repelled from it, showing 
that the nearer end of the cylinder with the balls suspended 
from it are negatively electrified. The pair at the other end 
of the cylinder will be found to be attracted, showing that 
the further end is positively electrified. The effect of 
bringing the insulated cylinder near to the positively 
charged conductor has, therefore, been to charge its further 
extremity positively and its nearer extremity negatively, so 
that a positively charged body not only repels a similarly 
charged body, but it also drives electricity, of a similar kind, 
to the further portion of the conductor into the neighbour- 
hood of which it is brought This is called electrical 
induction. 

Consider the question of electrical induction somewhat 
further. Take a cylindrical glass jar, and coat it, both 
inside and outside, to wdthin two or three inches of the 
top with tin-foil. Then place the jar upon an insulating 
stand, and connect, by meaps of a wire or chain, one 
of the tin-foil coatings — say, the inner one — with the 
conductor of an electrical machine, and work the machine 
for a short time. We should then expect the coating in 
connection with the conductor of the machine to have 
received a charge from the latter. If the jar is discon- 
nected from the conductor we should therefore expect, on 
presenting a finger to the inside coating, to receive a spark. 
If the jar is thoroughly dry at the time of making the 
experiment, so that the inner coating is well insulated, a 
small spark will be obtained if the machine was acting 
properly ; but it will be a very feeble one. Now repeat the 
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same experiment, having previously connected the outer 
coating with the earth. It will then be found that after 
turning t|je machine as many times as before a very much 
stronger spark will be obtained on presenting a finger to 
the inner coating, thereby connecting it, through the 
observer’s body and the earth, with the outer coating; 
and indeed, if the jar is a large one, and the machine 
is in good condition, the strength of the spark will prob- 
ably be such as to prevent any desire for a repetition of 
the experiment. 

Now, what is it that has taken place, and what is the 
cause of the difference in the two cases? The fluid 
analogy will here again be of assistance. A conductor 
will be represented by a tube; and an insulator, or, as 
Faraday called it, a dielectric, by a partition across the 
tube, which will not allow water to flow through it, but 
of such a nature, however, that the water upon one side 
of the division may be capable of acting upon the water 
at the other side. The latter condition is necessary in 
order to represent the electrical actions, for it has been 
pointed out that when a charged body is brought near to a 
conductor, but is separated from it® by a dielectric, such as 
air for example, the electricity similar to that on the 
charged body is driven to the further portion of the con- 
ductor. 

Suppose, therefore, that the tin-foil coatings of the jars 
are represented by two tubes, while the dielectric, glass, 
is represented by a division, consisting of a sheet of 
some elastic substance — for example, a thin sheet of india- 
rubber. The opposed surfaces of the tin-foil coatings are 
separated by means of the glass of the jar, and one of the 
non-opposed surfaces is in contact with the dielectric, air, 
while the other is connected with the conductor of the elec- 
trical machine. The state of things in the first experiment 
may therefore be represented by closing up the end of one 
of the tubes with a second sheet of india-rubber, attaching 
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a pump to the other tube and forcing water into it. The 
india-rubber separating the two tubes, and that which closes 
the end of the tube furthest from the pump, wjll stretch 
slightly, and therefore a small quantity of water can be 
forced in; and if the tube connected with the pump is 
suddenly opened the india-rubber division will fly back to 
its original position, and throw out the water just as 
the inner coating was discharged when touched with the 
finger. 

In the second experiment the outer coating of tin-foil was 
in connection with the earth. Now, in order that the 
electrical machine may continue to give a supply of electri- 
city, its rubber must be in connection with the earth ; or 
the jar may be insulated and its outer coating connected 
with the rubber of the machine, the inner coating remaining 
in electrical connection with the prime conductor. To 
represent the state of things in the second experiment the 
india-rubber covering must therefore be removed from the 
furtjier extremity of the tube, and the tube allowed to dip 
into a tank with w’hich the pump is also in connection ; 
or the tube representing the outer coating of the jar 
may be connected directly with the pump. In either case, 
when the pump is worked, water will be forced into the 
tube representing the inner coating, the same amount 
being simultaneously withdrawn from the other lube ; and 
if sufficient force is applied, this may be continued until 
the india-rubber division breaks. Similarly, in case of the 
jar, given a sufficiently powerful machine, the electrifica- 
tion may be increased until the electricity either overflows 
or discharges through the glass, which would be broken in 
the process. If the jar is properly constructed, the tin-foil 
will be taken up so near to the edge that the discharge 
when it takes place will occur through the air, round the 
ecl^ of the jar instead of through the glass, thereby 
the jar from destruction. 

experiment illustrates something more than the 
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previous ones — viz., it not only shows that the flow of 
electricity is like the flow of a liquid, but that it is like 
the flow of an incompressible liquid; so that in order to 
force electricity into any conductor an equal amount must 
be simultaneously forced out of it. If this explanation of 
the action of a Leyden jar is correct, we should expect the 
glass, or other dielectric, separating two charged con- 
ductors, to be in a state of constraint, and this has been 
conclusively proved to be the case by examining the glass 
by the aid of polarised light. 

We are therefore justified in concluding that whatever 
electricity really is, it behaves exactly as if it were an 
incompressible liquid ; and it follows that the first analogy 
for the production of electricity by friction between two 
conductors would have been more exact if we had sup- 
posed the space above the pistons in the jars to be 
likewise filled with water, and the whole apparatus to be 
immersed in a tank of water, when, of course, instead of 
air flowing out of one tube into the other, we should 
have water, and the phenomena might be made evident 
by the aid of some light bodies suspended in the water 
/(war the open ends of the tubes. • Water may be forced 
through the tube in various ways ; but, other circumstances 
being the same, the strength of the current of water — that 
is to say, the quantity which passes across a section of the 
tube in unit time — ^will depend upon the pressure, as will 
also the height to which the water can be forced. Again, if 
the vessels containing water are in connection by means of 
a tube, no flow will take place through the tube if the water 
is at the same level in both vessels ; but if it is at a higher 
level in the first than in the second, the water will flow 
along the tube from the first vessel into the second until 
the levels become equal, because, as long as the level of 
water in the two vessels remains unequal, the pressure 
from the first vessel to the second will be greater than 
in the opposite direction. Since the flow of electricity 
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may be compared to the flow of water, we should expect to 
find something analogous to difference of pressure as the 
cause of the flow of electricity from one coryiuctor to 
another. This has already been found to be the case in 
charging a Leyden jar by means of an electrical machine, 
what may be called electrical pressure gradually increasing 
up to a certain limit with the number of turns given to the 
machine; and with a large machine and a small jar the 
jar might be broken, or, if properly constructed, made to 
overflow. With a small machine and a large jar, how- 
ever, it would be found that after a certain number of 
turns no further effect whatever would be produced, 
showing that the limit of pressure attainable by means 
of the machine has been reached. This introduces the 
idea of what is called electrical potential. The difference 
of potential between two conductors, or between parts of 
the same conductor, is analogous to difference of pressure, 
due to difference of level in the case of water; and 
indeed electrical engineers very commonly use the term 
electrical pressure in place of potential difference. 

Now, water can only flow from one part of a vessel to 
another when the preseures in different directions are un- 
equal; but this difference of pressure may be produced 
in other ways than by difference of level. In the same 
way the flow of electricity may be produced by other 
means than difference of potential, and therefore the more 
general term, electro-motive force, usually denoted by the 
letters RM.F., is employed, being defined as whatever 
causes motion of electricity. Potential difference is there- 
fore a special way of producing E.M.F., just as difference 
of level is a special way of producing difference of pressure 
in the case of water. 

It must not be forgotten that it was originally decided to 
call vitreous electricity positive, and by flow of electricity to 
denote a flow of positive electricity — that is to say, using the 
water analogy, we suppose positive electrification to consist 
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in an excess of water. The assumption that negative elec- 
trification consists in an excess of water might equally well 
be made^ for although it has been shown that something 
analogous to a flow of water takes place in a conductor which 
is undergoing changes in electrification, no criterion has 
been obtained to determine the direction of the flow, 
which is absolutely unknown, and w'e are totally ignorant 
also of the velocity of flow, which may, for all we 
know, be a million miles in a second, or half an inch in a 
century. 

Friction between different substances is not at all a con- 
venient method for obtaining an electric current through 
a conductor, for even when a very large frictional machine 
is used only very w^eak currents can be obtained. The 
most convenient method of producing a current for 
ordinary experimental purposes is by means of some form 
of galvanic or voltaic cell — a convenient form of cell for 
obtaining fairly strong currents for a short time is the 
well-known Bichromate cell. It consists of a glass vessel 
containing a solution of bichromate of potash, with a slight 
trace of sulphuric acid, and a plate of zinc and one of 
carbon, or more frequently two piates of carbon, one on 
each side of the zinc, immersed in the solution. If the 
carbon plates or plate are then connected with one end 
of a wire or other conductor, while the other end of the 
conductor is connected with the zinc plate, a current of 
positive electricity will flow from the carbon through the 
wire to the zinc, and through the liquid from the zinc 
to the carbon. A single cell of this kind holding about 
a quart of solution is capable of maintaining the light of 
a small incandescent lamp for some three or four hours. If 
several of these cells are joined together by connecting 
the carbon of one to the zinc of the next, and so on, 
the arrangement is called a galvanic or voltaic battery. 
If the reader has a battery, say of four or five such cells, 
and a fnctional machine at command, he will find it 
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interesting to compare the current obtained from the 
battery with that produced by the frictional electrical 
machine. If the rubber and the prime conductor of the 
machine are connected together by means of a piece of 
fine platinum or iron wire a few inches in length, no 
effect whatever will be observed ; but if the same wire is 
used to connect the last two zinc and carbon plates of 
the battery, it will be raised to a white heat. Now, a 
current of electricity, when passing through a wire or 
other conductor, always develops heat, and the reason 
that no heat is observed in the wire connecting the con- 
ductor and the electrical machine is simply because the 
quantity of electricity passing is too small to produce any 
perceptible effect. 

If now two copper wires are connected to the free zinc 
and carbon of the battery, and their ends brought 
together, a small spark will be seen when they come in 
contact The length of this spark will be so short 
thaA it would be impossible to measure it, while with 
an electrical machine of moderate size there would be 
no difficulty in obtaining a spark several inches in 
length. 

If; again, the inner and outer coatings of a Leyden 
jar are connected with the rubber and prime con- 
ductor of the machine, and the handle is turned for 
some time, the jar will either burst or overflow if the 
machine is powerful enough, and if not, a strong spark 
will be obtained from the jar on connecting its inner and 
outer coatings. If the ends of the wires from the battery 
are now connected with the inner and outer coatings of 
such a jar, it will be found that however long the battery 
may be left on, the jar will not overflow, nor will it be 
possible to get a perceptible spark on connecting its two 
coatings. What is required in order to charge a Leyden 
jar is not so much a large quantity of electricity as a 
high pressure, to use the language of an engineer, or a 
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high potential difference, if we wish to speak scientifically. 
The electrical machine gives a high potential difference 
but a veiy small current, while the battery gives a very 
much larger current with a much smaller difference of 
potential, or lower pressure ; indeed, it would be necessary 
to employ a battery of many thousand cells in order to 
get a potential difference equal to that produced by even 
a small frictional machine. 



CHAPTER II. 


WHAT WE KNOW ABOUT MAGNETISM. 

It has been known since very early times that a certain 
mineral, commonly called lodestone, possesses two very 
remarkable properties. In the first place it has the power 
of attracting iron, and in a lesser degree some other 
substances — more especially the two metals, nickel and 
cobalt — with a force which is greater beyond all comparison 
than the attraction of gravitation, which is always exerted 
between two portions of matter. In the second place, when 
a portion of it is suspended, so that it can turn freely in 
any direction ; for example, if it is hung up by a thread 
jMissing through its centre of gravity, it always assumes a 
certain definite direction at a given place on the earth’s 
surface. These properties may be communicated to pieces 
of iron or steel by simply rubbing them in a certain definite 
manner with a piece of lodestone. In the case of very soft 
iron, however, the properties so communicated are very 
soon lost again. 

Any substance which has these properties is called a 
magnet, and the action of communicating this property 
to iron is called magnetising it The lodestone is a 
chemical compound of the metal iron with the gas 
oxygen, and on account of its possessing the two properties 
mentioned it is also known as magnetic iron ore, or 
magnetic oxide of iron. 

Humboldt, in the “Cosmos,” tells us that three cen- 
turies before the Christian era the Chinese caravans were 
guided on their journeys across the trackless wastes of 
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Tartary by means of a little human figure revolving 
upon a pivot, and holding in its outstretched hand a 
fragment of lodestone, so placed that its arm always 
pointed to the south. 

Large magnets are not now manufactured by nibbing iron 
with lodestone, because, as explained in a later chapter, the 
electric current provides a means of magnetising iron and 
steel very much more powerfully than would be possible 
merely by aid of the lodestone. The process of magnetising 
by rubbing is however still frequently employed as a 
convenient method of making small magnets, as a piece 
of steel or iron may be magnetised by rubbing it with 
any other magnet, whether this be a lodestone or an 
artificial magnet. By the aid of a moderately strong mag- 
net and a few steel sewing needles, it is easy to make a 
series of experiments on the principal properties of magnets. 

There are several ways in which a needle may be rubbed 
with a magnet in order to magnetise it, the simplest of 
these being to stroke the needle always in the same direc- 
tion from end to end with the same end of a steel magnet 
made in the shape of a straight or bent bar. If two needles 
are magnetised in this way and hung*up by threads, so that 
they can move freely, or if they are fixed in small slips 
of cork, and allowed to float on the surface of water, it 
will be found that the needles will turn, so that two definite 
ends are juxtaposed, after which they will approach each 
other until they come into contact. If both the needles 
are reversed, so that the opposite ends of each are brought 
together, they will again attract each other ; but if one of 
the needles is reversed the needles will be found to repel 
each other. 

Repeat this experiment, magnetising the two needles by 
stroking them from the eye to the point with one end of the 
magnet which has been marked. Then hang the needles 
up, and it will be found that the two points, if brought 
together, will repel each other, and the two eyes, if brought 
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together, will also repel each other ; but a point and an eye 
will attract each other. It is clear, therefore, that there is a 
distinction between the two ends of the needle;s, and also 
that similar ends repel each other while dissimilar ends 
attract each other. The ends of the magnetised needles 
are commonly called poles. 

Bring the marked end of the magnet which was used to 
magnetise the needles near to the point of either needle, 
suspended by its thread, and it will be found that the 
needle will be attracted, showing that the end of the 
needle last rubbed by the magnet becomes of opposite 
polarity to that of the end of the magnet with which it was 
rubbed. If the marked end is brought to the eye of the 
needle, repulsion will take place. The unmarked end 
of the magnet will be found to attract the eye of either 
needle and repel the point. 

Hang up a magnetised needle by means of a thread 
passing through its centre of gravity, which should have 
bfeen determined before it was magnetised, since the pro- 
cess of magnetisation tends, as has been pointed out, to 
set it in a certain definite position, and therefore interferes 
with the determination!' The needle will then set itself in a 
vertical plane, making a small angle with the plane of the 
geographical meridian, and the end of the magnet which 
turns towards the north will point downwards towards the 
ground, making an angle of between 6o* and 70* with the 
horizon. Suppose that the marked end turns towards the 
north, this is then called the north, or north-seeking, pole 
of the magnet. 

If the original magnet, or either of the magnetised 
needles^ is dipped into iron filings, it will attract them, 
and a number of iron filings will adhere to each end of 
the magnet ; but it will generally be found that none will 
adhere to the middle. 

Bring the head of a soft iron nail into contact with the 
marked pole of the magnet, and it will be found that as 
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long as the iron nail is in contact with, or close to, the end 
of the magnet it is capable of attracting iron filings. More- 
over, if one of the suspended needles is brought near to 
the point of the nail, the latter will be found to attract the 
point of the needle, and repel the eye, showing that the 
nail has become a magnet, and that the end in contact with 
the marked pole of the magnet has become a pole dissimilar 
to the marked pole. If a piece of hard steel were used 
instead of the iron nail, it would be found to be less 
strongly magnetised while in contact with the magnet ; but 
on removing it from the neighbourhood of the magnet it 
would be found to retain all its magnetism, while the soft 
iron nail would have lost almost every trace. The process 
of magnetising a piece of iron by bringing it into the 
neighbourhood of a magnet is called magnetic induction. 

If a long steel knitting-needle is magnetised, and broken 
into a number of pieces, it will be found that each separate 
piece is a magnet, and that the ends of two pieces which 
were originally in contact are of opposite polarity. * 

This suggests, as a possible explanation of magnetic 
induction, the theory put forward by the German physicist, 
Weber. This theory has obtained* general acceptance, 
and may now be considered as raised from the rank of 
an hypothesis to that of an established fact. I must 
first premise that a substance which is capable of 
experiencing any force in virtue of the magnetism 
of neighbouring bodies is called a magnetic substance. 
Iron is beyond all comparison the most powerful 
magnetic substance. After iron, and a very long way 
after it, come the minerals nickel and cobalt; and the 
sensitive magnetic instruments which are now in the hands 
of investigators indicate that it is almost impossible to find 
any substance which is not more or less magnetic — that is 
to say, which is not more or less susceptible to magnetic 
action. 

Weber supposes that every one of the molecules of 
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which a magnetic substance is built up is itself a magnet; 
but that the axes of these small magnets are turned in every 
possible direction. The magnetic actions of the molecules 
will then neutralise one another, so that the body will not 
act as a magnet ; but if either pole of a mngnet be brought 
near to it, this pole will attract the unlike poles of the 
molecules, and will repel the like poles, so that the 
molecules will tend to arrange themselves with their north 
poles pointing one way and their south poles pointing the 
other way. The molecules will then act together, and will 
form a magnet with the portion nearest to the pole of 
the inducing magnet of unlike polarity to it. It will be of 
interest to consider one or two experiments which help to 
establish the truth of this theory. 

Take an iron or steel bar — such, for example, as a 
poker — and hold it parallel to the direction assumed by 
a freely suspended magnetic needle ; we should expect, if 
the poker were built up of magnetic molecules, that each 
tnolecule would try to set itself in a direction parallel to 
that of the suspended needle, for we should expect the 
earth to act upon each molecule in exactly the same way in 
which it acts upon 'a suspended magnet. The direction 
assumed by a freely suspended magnet in this part of the 
world is not very far removed from the vertical, so we 
should expect to obtain a fairly good result by simply 
holding the poker in a vertical position. Now, if the 
poker is merely held for a few moments, either parallel to 
the suspended magnetic needle, or simply vertical, and then 
tested for magnetism by trying whether either end of 
it has the power of repelling either end of a suspended 
magnet, it will be found, provided the poker was not 
magnetised previous to the experiment, that it will not 
have acquired any sensible magnetic properties. Steel 
railings, however, which have remained for many years in 
a vertical position have frequently been observed to have 
acquired magnetic properties, the lower end having become 
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a north pole, as we should expect, if Weber's theory is true. 
Now, it must be remembered that all the molecules of the 
poker are dosely packed together, and it is therefore quite 
possible that the earth may exert a force tending to set 
them in a definite direction, but that this force may not be 
strong enough to overcome the cohesion of the molecules. 
This suggests that we should try by some means to diminish 
the cohesion of the molecules, and see if any better results 
are obtained. One way of doing this would be to strike the 
poker with a hammer, and it will be found that if the poker 
is held vertical and struck with a hammer, it will become a 
magnet, the lower extremity becoming a north pole ; and if 
the position of the poker is reversed, and it is again struck, 
its magnetism will be immediately reversed. Another way 
of diminishing the cohesion would be to make the poker 
red hot ; and it will be found that if the poker is heated to 
redness, and then left in a vertical position until it becomes 
cool, it will have become a magnet, having its lower 
extremity a north pole. 

It has been observed, moreover, that if a body is 
magnetised it usually becomes either slightly longer 
and thinner, or broader and thicker ; the nature of the 
change depending partly on the shape of the body and 
partly upon the state of strain in which it happens to be 
at the time of the experiment. Another fact strongly 
in support of Weber’s theory is that when a piece of iron 
is suddenly magnetised or demagnetised by means of an 
electric current, a slight sound is heard, which, according to 
this theory, is due to the sudden turning of the molecules. 
This production of sound during magnetisation and 
demagnetisation was utilised in the construction of one 
of the earlier forms of telephone receivers, which will be 
described in a later chapter. 



CHAPTER III. 


MUTUAL ACTIONS BETWEEN MAGNETS AND CONDUCTORS 
TRAVERSED BY ELECTRIC CURRENTS. 

At the beginning of the present century the Swedish 
philosopher Oersted observed that when a wire carrying an 
electric current was held over and parallel to a compass 
needle, the needle was deflected to the right or left, the 
direction of deflection depending on that of the current 
When the wire was placed underneath the needle, and 
parallel to it, while the direction of the current remained 
the same, the direction of deflection was also reversed. 
Tihe subject was shortly afterwards taken up by the great 
mathematician and physicist, Ampere, who found that the 
direction of deflection was such that to a person lying 
along the wire with ^he current going from his feet to 
his head, the north pole of the needle would always turn to 
his left hand. Ampere also discovered that two conductors 
carrying electric currents attract or repel each other, and 
otherwise behave just like magnets. These discoveries 
are of the greatest importance, as they give us the means 
of detecting the existence of electrical currents, and of 
measuring their strength by means of magnetic instruments. 
I will therefore consider them further. 

Suppose that a wire has been bent into the form of a 
circular ring, leaving its two ends free. Let the two ends 
be connected with the poles of a battery, and the ring 
suspended from a support in such a manner that the whole* 
cirde can turn freely in any direction. It will then be 
found that the circle will place itself with its plane 
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perpendicular to the direction of the magnetic dipping 
needle, as a freely suspended magnet is usually called If 
the direction of the current through the circuit is reversed, 
the circle will again take up a position with its plane 
perpendicular to the direction of the magnetic dipping 
needle, but its aspect will be reversed — the face that before 
pointed towards the north now pointing towards the south. 
If the direction of the current round the circle in each 
case is noted, it will be found that, looking at the circle 
from the south side, the current will flow round it in 
the direction of the hands of a watch; or, as we say, 
the direction of flow round the circle is clockwise. The 
face of the circuit which points northwards may be called 
its north pole, and the face which points southwards may 
be called its south pole. If two such suspended circuits 
are brought close together, they will be found to attract 
when opposite poles are presented to each other, and 
to repel when similar poles are presented. Thus, when 
the two circles are parallel to each other they will attract, 
when the direction in which the current flows is the same 
in both, and they will repel, when the currents flow in 
opposite directions round them. It*is found generally that 
conductors carrying parallel currents in the same direction 
attract each other, and that conductors carrying currents 
flowing in opposite directions repel each other. Instead of 
merely a single circle a coil of any form may be used. A 
coil of considerable length and of comparatively small 
section is a very suitable form. Such a coil is called a 
solenoid. 

A number of experiments of this nature suggested to 
Ampere that the properties of magnets might be accounted 
for by assuming that every molecule of a magnetic substance 
had an electric current circulating round it When a body 
was magnetised he supposed that all these currents were 
brought into parallelism. In this case the currents flowing 
in opposite directions round the adjacent portions of two 
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molecules would destroy each other, and a magnetised rod 
might therefore be considered as equivalent to a series 
of currents flowing in the same direction round, its circum- 
ference ; in other words, it would be exactly like a solenoid. 
Ampfere*s theory of magnetism is now generally accepted 
as being most probably true. It is an explanation of 
magnetic in terms of electrical action, and though it 
only explains one unknown thing in terms of another, 
it has the advantage of leaving us to deal with one 
unknown quantity instead of with two. The principal 
difficulty in Ampere’s theory of magnetism lies in the fact 
that every conductor such as we are acquainted with is 
heated when traversed by an electric current, whereas 
Ampere’s molecular currents must flow round the molecules 
without causing any development of heat, otherwise a 
magnetic substance would aflbrd a continuous supply of 
heat, which of course would be in total opposition to 
experience. So little, however, is known about the manner 
ifl which this heating effect is produced, owing to our 
total ignorance of the internal structure of molecules, that 
there is really no reasonable ground for assuming that the 
effects produced in ^he two cases would be similar in 
their character. 

The discovery of the effect of an electric current upon 
a suspended magnetic needle gave a simple means of detect- 
ing electric currents of moderate strength, and it was very 
soon found that by making a current flow many times 
round the needle, instead of simply passing over or under 
it, the effect could be greatly increased. In this way it be- 
came possible to construct instruments capable of measuring 
extremely feeble currents. Such an instrument is known 
as a galvanometer. If a steel bar is placed within a coil 
of wire traversed by an electric current— that is to say, a 
solenoid — the bar on being removed from the solenoid 
will be found to be magnetised. If a current goes round 
the solenoid in the direction of the hands of a watch 
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with its face directed towards the end from which the ciir« 
rent flows, the end of the steel bar within the end of the 
solenoid sl\ which the current leaves will be found to be a 
north pole and the other end a south pole. This is easily 
explained on Weber’s theory ; for if each molecule of which 
the magnetic substance is built up is turned with its mag- 
netic axis in the direction indicated by Ampere's rule, 
previously quoted, it will follow that when a current flows 
over, and at right angles to, a bar of steel the bar will be 
magnetised in such a manner that a person lying along the 
wire, with the current coming in at his heels and going out 
at his head, and looking towards the bar, will see the north 
pole on his left hand. The reader will easily see that this 
agrees with the result obtained with the solenoid. 

Not very many years after Amphre’s discoveries our own 
great physicist, Michael Faraday, discovered that momentary 
electric currents were produced in a conductor which was 
changing its position relatively to a magnet, or to a con- 
ductor carrying an electric current. Some of his expep- 
ments we must consider in detail, as they have provided a 
method of producing electric currerfts of almost any desired 
strength very much more cheaply Uian would be possible 
with any form of voltaic battery. Take some copper 
wire covered with gutta percha or cotton, or other insulating 
substance, wind it into a coil, and connect the ends with 
the terminals of a galvanometer — that is to say, with the 
extremities of the wire which is wound round the suspended 
magnet Now take a strong bar magnet and push it right 
through the coil. The galvanometer needle will then 
suddenly deflect, first in one direction and then in another, 
showing that during the passage of the first half of the mag- 
net through the coil a current is produced in one direction, 
while the passage of the other half gives rise to a current 
in the opposite direction. This shows that the approach, 
say of the north pole of the magnet to one face of the coil, 
produces a current in the same direction as its recession 
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from the opposite fiice, and that the currents produced by 
the approach or recession of the north and south poles 
respectively are in opposite directions. Exactly similar 
effects are produced if a coil carrjung an electric current is 
used in place of the magnet ; but this is not all. Faraday 
found that not only were momentary currents produced in 
a conductor by the approach or withdrawal of a conductor 
traversed by a current, but that when the current arises or 
dies away in a conductor it produces a current of short 
duration in neighbouring conductors. If two wires are 
placed parallel to each other, and if the ends of one wire 
are joined so as to make a complete metallic circuit, while 
an electric current is suddenly started in the other, by con- 
necting its ends with the poles of a battery, a momentary 
current in the opposite direction will be produced in the 
first conductor; and when the battery circuit is broken 
there will be a second momentary current produced in the 
neighbouring conductor in a direction opposite to the 
previous one. These momentary currents are called induc- 
tion currents, and the circuit which produces this pheno- 
menon, cither by it^ motion or by a current being 
excited or dying away within it, is called the primary 
circuit, while that in which the momentary current is 
produced is called the secondary circuit 



CHAPTER IV. 

FORCE, WORK, AND POWER. 

In order to understand the conditions which determine 
the relative advantages of different methods of producing 
and distributing the electric current, a clear idea of the 
physical quantities, Force, Work, and Power, must first be 
obtained Newton defines a force as whatever causes change 
in the motion of a portion of matter. Thus, when a train 
is at rest at a station, a certain force has to be applied to 
set it in motion and to increase its speed; force is also 
required to stop the train when once it is in motion^ as 
is shown in a very forcible manner if it comes into collision 
with a stationary or moving bod|, such as, for example, 
another train. When once the traq? has got up its required 
speed, it would continue to move at that speed, if there 
were no force tending to bring it to rest, and therefore, if 
this were the case, a train running along a level line would 
only require an engine to start it, after which it would 
continue to move without further application of force until 
means were taken to bring it to rest. 

As everybody knows, however, no train will continue to 
run on indefinitely without assistance from the engine, and 
therefore there must be some one or more forces acting 
upon it in such a way as to retard its motion. The chief 
of these is the friction between the moving parts. It is 
unfortunately impossible to obtain any body in nature 
which is not already acted upon by some force, so that 
when a certain force is applied to a body, it is impossible 
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to determine its effect directly, because it is mixed up with 
those of the forces already acting upon the body; and it 
is only by a careful study of the motion of bodies under 
various conditions that it becomes possible to distinguish 
the different forces acting upon them, and to determine 
which of the effects are due to each force. 

It was by continued observations of this kind that Sir 
Isaac Newton came to the conclusion that if a body 
could be found which was acted on by no force, it 
would either remain at rest or continue to move at a 
uniform rate in a straight line. Newton also found 
that if a single force acted upon a body at rest, it would 
cause it to move with a continually increasing velocity in 
the direction of the force. He found that as long as the 
force remained the same the increase in the velocity of the 
body during each second for which the force was applied 
was the same, and he also found that the force required to 
increase the velocity of a body by a given amount in a 
given time was proportional to the quantity of matter con- 
tained in the body, or what is known as its mass. 

The general idea of jf force is a familiar one, but these 
exact statements aboutf it are necessary in order to be able 
to measure force, and indeed no one can ever be said really* 
to understand the meaning of any quantity unless he is able 
to measure it— that is to say, to make an exact numerical 
comparison between different quantities of the same kind. 
The statements which I have made about the nature of 
force do give the means of measuring it. For example, 
suppose that we have a body, the mass of which is one 
pound, and suppose that this body can be removed from 
the action of all forces, such as the attraction of the earth, 
the resistance of the air, and so on. Apply to this body 
during the interval of one second a force which will make it 
move at a rate of one foot in a second. Then we are able 
to state from what has gone before that to give the same 
velocity to a mass of two pounds we should have to apply 
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double the force for a second, or the same force for two 
seconds. 

In ord^ to measure any quantity, it must be compared 
with some other quantity of the same kind. For example, 
if we say that a certain distance is ten miles, what we 
mean is that the distance is ten times as great as some 
other distance with -which we are acquainted and which 
we call a mile. The mile is said to be the unit, in terms 
of which the distance is measured ; and if the distance is 
to be measured in miles it will be completely determined 
by a mere number, such as ten or fifty. It is clear then 
t’iat the expression of any physical quantity must contain 
. unit, consisting of a certain quantity of the same kind 
^previously decided on, and a number expressing how many 
times the unit is contained in the quantity. Now, apply 
this to the measurement of force. 

The unit of force in use for ordinary engineering purposes 
is the weight of a pound — that is to say, the force with 
which the earth draws a mass of one pound. The princ^)al 
objection to this unit is that the pull exerted by the earth 
upon any mass varies slightly froA place to place on the 
earth’s surface, being greatest at th^North and South Poles, 
and least at the Equator ; so that where great exactness is 
required, the place of observation must be stated This 
unit has therefore not been adopted for electrical measure- 
ments, nor has any other unit founded upon the English 
measures of mass and length. For scientific purposes the 
French metrical system is now universally adopted, and, 
the system of electrical measurement being a comparatively 
recent development, the importance of having our electrical 
measurements given in terms of the same unit as employed 
in other countries has decided British electrical engineer 
to adopt units founded on the metrical system. 

According to this system, the unit of force, which is called 
the dyne, is defined as the force which, when applied for one 
second to a mass of one gramme, will give it a velocity of one 
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centimetre per second. This is what is called an absolute 
unit — that is to say, it does not vary with the place or time of 
observation, but depends only on the three ftvpdamental 
units — namely, the second, which is in use all over the 
world, and the centimetre and gramme, which are deter- 
mined by comparison with the standard metre and the 
standard kilogramme which are kept in Paris. 

The next step is to obtain an exact idea of what is meant 
by a quantity of work. If a body moves under the action 
of a force, work is said to be done by body, and the 
amount of work done is measured by the product of the 
force into the distance through which the body moves in 
the direction of the force. If a body is moved against any 
force, work is said to be done on the body, and its amount 
is measured by the product of the force into the distance 
moved in a direction opposite to that of the force. For 
ordinary engineering purposes, where the pound weight is 
taken as the unit of force, the unit of work is defined 
as«the amount of work required to lift a mass of a 
pound to a height of a foot, and is called a foot-pound. 
The foot-pound being caressed as the product of a pound 
weight into a length oL a foot, must, of course, like the 
pound weight, vary from place to place on the earth’s 
surface. The absolute unit of work employed for electrical 
measurement, and for all scientific purposes, is the work 
done by a force of one dyne acting in its own direction 
through a distance of one centimetre. This unit of work is 
called an Erg. 

When work is done upon a body it is found that 
the body is afterwards capable of doing exactly the same 
amount of work that has been done upon it, and it is 
therefore said to have energy stored up in it, energy 
being defined as capacity for doing work. Thus, if a 
caniMMi4)all weighing a thousand pounds were lifted to 
the lieight of one hundred feet, a hundred thousand foot- 
pounds of work would have to be done upon it If the 



FORCE, WORK, AND ROWER. ^9 

body were then allowed to drive a machine during its fall, 
it would do exactly the same amount of work by the time it 
had returned to its original level 

It used to be thought that in a process of this kind some of 
the work was lost ; in other words, that the ball in descending 
would not do as much work as was required to hft it, for it 
could not, by any arrangement, be made to lift another ball, 
of equal weight, to the same height The reason of this is> 
that some of the work is always wasted in some such way as 
overcoming friction, or the resistance of the air. In either 
case a certain amount of heat is generated, and it has been 
shown that to a certain quantity of heat, generated by 
means of friction or other mechanical means, there always 
corresponds a perfectly definite expenditure of work, so 
that heat is simply another form of energy. Just as 
mechanical work can be transformed into heat, so heat can 
be transformed into mechanical work, but there is this 
important difference between the two cases : there is no 
practical difficulty in entirely transforming a certain amoufit 
of energy in the form of mechanical work into heat, but it 
is impossible, by any means at our Aposal, to transform the 
whole of a given quantity of heat Viack into mechanical 
energy. 

These considerations give us a glimpse of two principles 
of the greatest importance in the study of natural pheno- 
mena. The first of these is called the “ Conserv’ation of 
Energy,” and it asserts that, as the result of iar-reaching 
experience, it is found that whenever energy disappears in 
one form it reappears without loss in another. This import- 
ant principle was first stated in definite terms by Professor 
von Helmholtz some forty years ago, and has been fully 
confirmed by all subsequent experience, so that it now 
ranks as one of the most firmly established facts of nature. 
This is not the place for a detailed discussion of the conserva- 
tion of energy, but it will be of interest to point out in passing 
that the principal source from which the energy necessary 
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for ihe existence of our world is derived is the sun, I'he 
heat of the sun’s rays evaporates the water of the ocean, and 
the moisture thus carried up into the atmosphere becomes 
condensed and falls again in the form of rain, and so feeds 
the rivers, which may be utilised to drive machinery by means 
of water-wheels, as they flow back to the sea. The sun’s 
rays, again, build up the mineral constituents of the earth’s 
surface into the various forms of animals and plants, so that 
the forests and the coalfields are simply great storehouses of 
the energy given out by the sun in past ages, which energy 
is utilised when the wood or coal is burned ; for the 
process of combustion simply consists in a recombination 
between the oxygen of the atmosphere and the other ele- 
ments contained in the wood or coal, which were separated 
from the oxygen with which they were before combined, and 
built up into the trees of the forest, simply by the energy of 
the sun’s rays. 

The other principle to which I referred is known as the 
“Dissipation of Energy.” It is found that in every process 
by which a transformation of energy can be effected there 
exists a tendency towaMs an ultimate transformation into 
heat of low temperature, from which it is impossible, by any 
known process, to obtain other useful forms of energy. 
This principle certainly applies to our own experience ; but 
this experience is very much more limited than that from 
which the law of conservation of energy is deduced, and 
it may be that there are natural processes, at present 
unknown, which are capable of transforming this low 
temperature heat into some of the other known forms of 
energy. If this is not the case, and the dissipation of 
energy is really a universal law of the universe, then the 
time must come when the whole universe will be one vast 
inert mass of uniform temperature, and therefore without 
life or any form of motion. 

The term “ Power ” is used by engineers to denote the 
rate at which work is done. The power of a steam engine 
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is usually expressed in terms of the horse power as unit, an 
engine being said to be of one horse-power when it is 
capable of^oing work at such a rate as to be able to lift 
33,000 pounds one foot high in one minute. It may 
be as well here to point out that this is what is called 
Indicated Horse-power, and is usually denoted by the letters 
I H.P. It is determined by means of an instrument called 
a “Steam Engine Indicator,” which draws a curve repre- 
senting by its area the product of the length of stroke of the 
piston into the average pressure of the steam upon it — that 
is to say, the work done at each stroke of the engine — and 
therefore gives the rate of doing work when an engine is 
making a given number of revolutions per minute. 

When a steam engine has to drive a number of machines 
— such, for example, as dynamos for producing the electric 
current, which are not alwajs all running at the same 
time— the rate of working of the engine is controlled by 
means of a governor, which shuts off a portion of the steam 
when some of the machines are stopped, or, as engineers 
say, when a portion of the load of the engine is taken oflL 
In this way the engine is made to ^ork exactly at the rate 
required at any moment. When* the current from the 
dynamos is used directly for producing the light in the 
lamps, it is of very great importance to maintain the power 
of the engine constant within very narrow limits, as if this 
were not done the speed of the dynamos would vary, and 
this would produce a corresponding variation in the strength 
of the light — that is to say, it would give rise to flickering. 
In order to obviate this, very sensitive governors should be 
used ; but even with the most sensitive governors available 
it would be impossible to maintain the light perfectly steady 
unless the regulation of the engine were supplemented by 
some electrical device for directly regulating the current 
actually given out by the dynamo. I shall have some- 
thing further to say about these methods of electrical 
regulation in a later chapter, as the subject is one of very great 
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importance, and the great improvement in the steadiness of 
the lamps now in use over those of a few years ago is to a 
large extent due to the adoption of improved methods of 
electrical regulation. 

The unit of power employed for electrical measure- 
ments is called the “Watt,” after the great engineer of 
that name. Its value, as defined electrically, will be 
given in a later chapter, and it will be sufficient for 
the present to state that a Watt is the power developed 
when 44^ foot-pounds of work are done in a minute, 
so that 746 Watts are equivalent to a horse-power. This 
relation is not absolutely exact, because the Watt is an 
absolute unit of power, while the horse-power depends on 
the weight of the pound, and therefore varies slightly from 
place to place on the earth's surface ; but it is sufficiently 
exact for all purposes for which power is expressed in terms 
of horse-power. 

A term in frequent use in connection with engines, 
aad which the reader may meet with in accounts of 
electric installations, as descriptive of the engine power 
employed, is Nominal Horse-power, usually denoted by 
the letters N.H.P. Tliis is a very indefinite term, as it 
is a quantity depending on the length of the stroke and 
the dimensions of the cylinder; and its relation to the 
indicated horse-[>ower which can be given out by the 
engine varies very much with the type of engine. In the 
case of the engines used for electric light purposes, however, 
the maximum I.H.P. should be in general about three 
times the N.H.P., so that an engine of 30 horse-power 
nominal should be capable, when working up to its full 
capacity, of giving out about 90 horse power. The reader 
should be careful to distinguish between work and power, 
and remember that power is the rate of doing work. 
Confusion between these terms is often made even by 
persons who ought to know better, and it is clearly not 
an unimportant distinction; for to define the capacity of 
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an engine, what we want to know is, how much work 
it can do in a given lime. If it is merely stated that an 
engine can do so much work, without stating how long it 
takes to do it, we are given no information whatever as to 
the capacity of the engine, for an engine employed to drive 
a small lathe which might be, say, of half horse-power, may, 
if kept pretty constantly at work, do a larger amount of 
work in the course of twenty years than the engines of an 
Atlantic liner, of perhaps several thousand horse-power, 
would do in twenty minutes. 


3 



CHAPTER V. 


SOURCES OF ELECTRICITY. 

An electric current is a source of energy — that is to say, 
it is capable of doing work. This is clear from its power of 
evolving heat, which, as I have pointed out, is a form of 
energy; and later on it will be shown that electrical energy 
may be transformed directly into mechanical worL Accord- 
ing, therefore, to the princi])le of conservation of energy, we 
cannot expect to maintain an electric current without 
keeping up a constant supply of energy. The simplest 
way of considering the different sources of electricity will 
he to divide them first into two main divisions, according 
to the kind of energy which is employed to maintain the 
current. These two j^inds of energy are — (i) Mechanical 
Work and (2) Energy of Chemical Action. The principal 
kinds of apparatus in which the supply of energy is in the 
form of mechanical work are — (i) frictional machines, 
(2) influence machines, (3) magneto machines, (4) dynamos. 
The apparatus coming under the second heading are the 
different forms of galvanic or voltaic batteries, now more 
generally known as primary batteries. Heat energy may 
also be used to maintain an electric current by means of an 
apparatus called a thermo-electric battery. This source of 
energy has as yet been very little employed for generating 
electric currents for practical purposes, but it is not improb- 
able that, as our knowledge advances, more economical 
means of generating thermo-electric currents, as they are 
called, may be discovered, and energy in the form of 
beat may then be much more extensively employed for 
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maintaining electric currents for commercial purposes. 
It must be borne in mind that these distinctions 
between tlfe forms in which energy is supplied to 
different classes of apparatus is one merely adopted for 
convenience, and not one resting upon any fundamental 
principle. It applies, moreover, only to the source from 
which the energy is derived immediately before supplying 
it to the apparatus. For example, frictional and influence 
machines are generally worked by hand. Here the energy 
is in the form of mechanical work ; but this has previously 
been stored up in the human body in the form of chemical 
energy, obtained from the food assimilated by the body ; 
and this chemical energy was in its turn obtained, as 
already explained, from the energy stored up in the sim. 
Dynamos, again, are usually driven by steam-power, or 
sometimes, when available, by water-power. In the former 
case the source of energy is chemical action — namely, the 
combustion of the coal ; in the second, it is mechanical worl^ 
due to the water seeking its own level under the action 
of the force of - gravity. In each case, as explained in 
Chapter IV., the energy is ultimately ^erived from the sun. 


Frictional Machines, 

The frictional machine has already been alluded to in 
Chapter I. It used to be employed to a considerable 
extent for producing the electricity required to fire charges 
of explosives — as, for example, in blasting operations. At 
present it is being almost entirely displaced by the influence 
machine, and I shall therefore not devote space to the 
description of any of the forms of instruments employed 
for such practical purposes. The most convenient form of 
the machine for experimental purposes is what is called the 
plate electrical machine. It consists of a disc of plate 
glass mounted upon an axle, about which it can be made 
to rotate by means of a handle. Rubbers, usually formed 
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of leather or silk, are attached to the framework on which 
the axle is suppoited in such a way that they press against 
opposite sides of the upper and lower edges of the plate 
respectively. At a distance of 90 degrees from each of 
these rubbers there is fixed a bent brass rod surrounding, 
but not touching, the edge of the plate, and furnished on 
the side presented towards the plate with small projecting 
spikes. These two bent rods are attached to the ends of 
a thick brass conductor, supported upon an insulating 
stand, usually made of glass. This is known as the prime 
conductor. It need not have any special form, except that 
every part of it must be rounded, with the exception of 
that presented towards the glass plate. The reason of 
this is that it is found experimentally that the electrification 
of a conductor always distributes itself entirely upon the 
surface of the conductor, and in such a manner that the 
accumulation of electricity is always greatest at the most 
pointed portions, and least at the most rounded portions. 
Kow I have painted out that the electricity upon any 
conductor tends to drive away the electricity of another 
conductor in the neighbourhood, and we should there- 
fore naturally expect the electricity of a conductor 
to behave in exactly the same way towards other elec- 
tricity in the same conductor. This we find to be 
the case, so that at every point of a conductor there 
is a force acting upon the electricity of the conductor, 
and directed outwards from it, which tends to break down 
the insulation of the air or other dielectric surrounding the 
conductor, and to cause the escape of the charge. This 
force is greatest where the accumulation is greatest — that is 
to say, at the most pointed portions. It follows, therefore, 
that all the portions of the conductor should be rounded, 
except those facing the glass disc, for here we wish to 
fEicilitate the flow of electricity between the conductor and 
the glass. 

Before using the machine, a little amalgam of mercury 
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and tin rubbed up with some tallow is smeared over 
the rubbers, as it is found that this greatly favours the pro- 
duction of electricity. When the handle is turned, and the 
glass plate revolves, it becomes electrified positively by 
friction against the rubbers. The rubbers at the same time 
lose positive electricity, and to supply this, more positive 
electricity flows up into the rubbers from the earth with 
which they are in connection, or, as we might of course say, 
the rubbers acquire negative electricity, from friction with 
the glass, and this flows away into the earth; for, as I have 
previously pointed out, all we know is that what is called 
a flow of electricity is a flow of something which, in its 
motion, follows the laws of flow of a liquid, but which way it 
is flowing we do not know. As the plate turns round, the 
positive electricity is brought opposite to the points, being 
kept from escaping back to the rubbers by means of silk 
coverings, which extend from the rubbers to the points in 
the direction in which the plate is turned, and surrounding 
its edge. The positive electricity on the plate, as the lattlr 
passes between the points, drives the positive electricity of 
the prime conductor to the further portion, and therefore 
leaves the points and the portion the conductor in their 
neighbourhood with a deficiency of positive electricity, or, 
as we may say, electrifies them negatively. There will 
therefore be a force acting upon the electricity on the 
points, tending to drive the negative electrification outwards 
from the points towards the glass, or, in other words, tend- 
ing to draw positive electricity away from the glass plate on 
to the points of the conductor. The portion of the glass 
plate opposite the points thus loses the greater portion of 
its charge. In passing through the second pair of rubbers, 
it again becomes charged as before, and this charge is 
delivered up to the second set of points. This process 
continues until the potential of the conductor is so nearly 
equal to that of the plate that the force between the two 
becomes too small to cause any further transfer of electricity. 
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H however, some outlet is provided for the electricity 
which accumulates upon the prime conductor, the action 
may be continued indefinitely, a stream of electricity being 
kept flowing from the plate through the prime conductor 
back to the rubber. If the prime conductor is connected 
directly with the rubber by means of a wire or other 
conductor, the arrangement may be represented, accord- 
ing to the water analogy which I have previously used, by 
means of an endless tube, at one point of which a pump 
is placed, maintaining a continuous circulation of water 
through the tube. If the prime conductor and the rubber 
are both connected to the earth, the only difference in the 
analogy w’ill be that we must cut the tube at a certain point, 
and connect its two ends with a reservoir of water, when it is 
clear that the quantity of water drawn in at one end of the 
tube, in a given interval of time, will be exactly equal to the 
quantity expelled at the other end. 

Influence Machines. 

The action of the influence machine may be most 
easily understood by ':onsidering it in the following simpli- 
fied form. Suppose we have two tin cans, which we will 
call A and B, supported upon insulating stands, and let 
a small charge of positive electricity be given to the can 

A. Now, suppose we have a brass ball, which I will 
call C, insulated by being attached to a handle of glass 
or ebonite. Let the ball C be held by this insulating 
handle close to the outside of A without touching it. 
While in this position let the ball C be connected with 
the earth by touching it momentarily with the finger. 
Now remove the ball by its insulating handle, and bring 
it into contact with the inside of B, near the bottom. 
The ball C, being almost completely surrounded by the 
can B, will give up its elcctiification almost entirely to 

B, so that B will become negatively electrified, while 



SOURCES OF ELECTRICITY, 


39 


the ball will become neutral. Now, hold the ball C out- 
side and close to the vessel B, and touch it for a moment 
as before. • It will then become positively charged by 
the negative charge on B. Touch the inside of A with 
it, near the bottom, and it will give up its charge almost 
entirely to A, thus increasing the positive charge of A. 
This increased charge is then used in the same manner 
as the original one, to electrify C negatively, and the 
charge on A being increased, the negative charge on C 
will be greater than before. This is given up to B just 
as before, and the increased negative charge of B is then 
used to develop, by induction, an increased positive charge 
on C, which is transferred again to A. Continuing this 
process, the difference of potential between A and B may 
be increased to such an extent that if they are brought 
close together a ^park will pass from one to the other. 
The influence machine simply consists of an arrangement 
for carrying out a similar series of operations in rapid 
succession. A revolving carrier, or series of carriers, h 
useil, together with an inductor, or series of inductors, 
between which and the carrier a certain small difference 
of potential must be excited in oAier that the machine 
may start The carriers as they pass the inductors are 
electrified by induction, and when passing out of the 
sphere of influence of the inductor they are touched by 
a spring connected with a collector, which in its turn 
acts as an inductor, and in this way a very small initial 
difference of potential can be rapidly increased to a con- 
siderable extent With the older forms of influence 
machines it was necessary to begin by electrifying one 
of the inductors. Influence machines, however, are now 
made which are able to excite themselves without external 
assistance by means of the infinitesimal difference of 
potential which invariably exists between the inductors, and 
which is sufficient to begin the scries of operations. The 
reader may he acquainted with Clarke’s electric gas- 
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lighter, which consists, to outward appearance, of a flat disc 
some two or three inches in diameter, from opposite sides 
of the edge of which project, on one side a handle, and 
on the other a tube of any desired length, containing a 
pair of insulated wires, the ends of which come close 
together without touching, just within the further end of 
the tube. To light the gas with the instrument the further 
end of the tube is held in the gas jet, and a small pro- 
jection in the edge of the disc is pressed smartly down, 
upon which something is heard to be spinning rapidly 
inside the disc, and sparks are seen to pass between the 
two wires just within the end of the tube. This is simply 
a small influence machine of the kind described, the 
mechanical arrangement being such that on pressing the 
button on the edge of the di^c the revolving portion is 
set in rapid motion. The Wimshurst machine, so called 
from the name of its inventor, is another example of 
influence machines. It consists in its simplest form of 
a«pair of glass discs, mounted upon a common axle, close 
together, but without touching each other, in such a way 
that they can be made to revolve rapidly in opposite 
directions. Strips of tin-foil are pasted radially on the 
outside surfaces of the glass, and metallic collecting brushes 
are made to press against the revolving pieces of tin-foil as 
they pass certain fixed positions. Large machines of this 
kind are capable of imitating the effects of a thunder- 
storm upon a snuiU scale, giving sparks several feet in 
length and following in rapid succession. In a dark room 
these series of sparks exactly reproduce the appearance 
of forked -lightning on a small scale. Small influence 
machines, somewhat similar to those used for gas-lighting, 
are employed for igniting blasting charges in mines. 

Magneto and Dynamo Machines, 

These machines all depend upon the principle that elec- 
tric currents are induced in conductors which are moving 
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in the neighbourhood of magnets, or more generally, 
which are moving in a field of magnetic force, which may 
be due to^the presence of either permanent or electro- 
magnets. Dynamos are now always employed when 
powerful electric currents are required for commercial 
purposes, such as for electric lighting or electro-plating. 
It is necessary, therefore, in order to understand many of 
the most important applications of electricity to commercial 
and domestic purposes, to obtain something more than a 
mere vague, general idea of the construction and action of a 
dynamo ; and as the subject must be treated in some detail 
in order to make it intelligible, I shall devote a separate 
chapter to it. I there^'ore pass on to the consideration of 

Galvanic or Voltaic Batteries. 

These are used for the purposes of telegraphy and tele- 
phony, and for many others in which only comparatively 
small currents of electricity are required. A galvanic or 
voltaic cell consists essentially of two different metaft 
immersed in some substance, generally a liquid, composed 
of two or more chemical elements, one at least of which 
tends to combine with one or othir of the two metals, 
or with one more than with the other. When the two 
metals are electrically connected outside the liquid, the 
circuit is said to be closed ; when they are not so connected, 
the circuit is said to be open. If the connecting wire is 
cut, its ends are called electrodes, the free end of the wire 
connected with the plate from which the current is flowing 
through the connecting wire being called the positive 
electrode, and the free end of the other wire being called 
the negative electrode. A very simple form of cell consists 
of a plate of zinc and a plate of copper partly immersed 
in sulphuric acid. It will generally be found, even if there 
is no electrical contact between the zinc and copper, except 
through the liquid, that the zinc will dissolve slowly in the 
acid, giving off bubbles of ga^ at different parts of its surface; 
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but if the zinc and copper are connected by a wire, the 
action will be found to increase considerably. The oxygen 
set free by the decomposition of the sulphuric acid is given 
off at the zinc plate, while the hydrogen is given off at the 
copper plate. This process is effected in the following 
manner: — Sulphuric acid consists of two atoms of hydrogen 
in combination with an atom of sulphur and four atoms of 
oxygen, and is therefore represented by the formula Hg SO4. 
The molecules of acid are continually being broken up, 
chiefly, there is reason to believe, into the groups Hj, and 
SO4. When the electrical potential of the liquid is the 
same throughout, these groups recombine, as fast as they are 
broken up, to form fresh molecules of SO4 ; but when 
a difference of potential is maintained between different 
portions of the liquid, the molecules of hydrogen move 
from places of higher to places of lower potential, just as if 
they carried a positive charge of electricity ; while the 
groups of SO4 travel in the opposite direction, as though 
tbeir electrification were negative. Thus, though the two 
constituents continually form fresh molecules during the 
journey, only to be again broken up, there is, on the whole, 
a continual flow of hyd/ogen in one direction, and of SO4 in 
the other. The hydrogen is given off at the copper plate; 
while the SO4, on arriving at the zinc plate, where there is no 
free hydrogen to combine with it, takes the hydrogen from a 
molecule of water (HjO), and leaves the oxygen free. The 
chemical action which goes on before the circuit is closed 
contributes nothing towards the current of electricity, and 
is known as local action. It is caused chiefly by impurities 
in the zinc, and may be almost entirely obviated by amal- 
gamating the zinc with mercury. 

The manner in which the E.M.F. is produced in a 
galvanic cell is still an open question among electricians, 
but the consideration of the following experimental facts 
will help the reader to attain a general understanding of the 
action of a cell : — 
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(1) If a piece of copper is placed in contact with a piece 
of zinc a difference of potential will be produced at the 
point of contact, the zinc becoming positively electrified 
and the copper negatively, so that the potential of the zinc 
is higher than that of the copper. The charges so pro- 
duced are always very small. 

(2) If either the copper or zinc is immersed alone in 
the dilute sulphuric acid a difference of potential will be 
produced between the metal and the liquid ; but if the two 
metals are immersed side by side into the liquid then no 
electrification can be detected, so that all three must be at 
the same potential. 

(3) If a piece of copper is now joined to the zinc, the 
copper, being in contact with the zinc, will become negative, 
and the zinc positive, while the liquid and the copper 
immersed in it will still have the same potential as the zinc — 
that is, they will be positive. Now, suppose the piece of 
copper attached to the zinc to be bent round and connected 
with the copper plate of the cell, then the action of the 
liquid is continually to do away w’lth the difference of 
potential caused by the contact of copper and zinc, and this 
requires a flow of electricity from zir^ to copper within the 
liquid, and therefore from copper to zinc in the connecting 
wire. 

When a series of galvanic cells is so arranged that 
the zinc of each cell is connected with the copper of the 
next cell, the arrangement is called a galvanic battery, or 
voltaic battery. If each cell is made of similar materials, 
the difference of potential, or eleciro-motive force, of the 
battery will be equal to the product of the eleciro-motive 
force of one cell by the number of cells. 

If a cell of the simple kind already described is employed, 
or a battery of such cells, for producing an electric current, 
after a short time a number of small bubbles of gas will be 
observed to be adhering to the copper plates within the 
liquid, and at the same time it will be found that the 
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E.M.F. of the battery has become very much less than it 
was at first It can be shown that this is due to an E.M.F. 
opposite in direction to that of the battery being set up 
between the bubbles and the copper. 

This phenomenon is known by the name of polarisa- 
tion, and the E.M.F. due to it is called the E.M.F. 
of polarisatioa The polarisation of a cell may be 
diminished by any means which will cause the bubbles 
to rise to the surface instead of remaining adhering to the 
copper — as, for example, by stirring the liquid, or by blowing 
air through it If the surface of the copper is roughened 
the gas will collect chiefly at the projecting portions, and 
therefore the bubbles will attain a size sufficient to rise to 
the surface much sooner than if the surface were smooth. 
With the object of obtaining a rough surface of this kind, 
Smee devised a cell which differed from the typical form 
described only in the fact that the plates of copper were 
replaced by plates of silver covered with a coat of platinum 
iii a very fine state of division. These plates give off the 
bubbles very freely, but still the remedy is only a partial 
one, and the E.M.F. of the battery is found to fall consider- 
ably after it has been ia action for a few minutes, 

A much more efficient means of overcoming polarisation is 
to employ, as the liquid surrounding the plate at which 
hydrogen is set free, a solution containing some highly oxidis- 
ing substance. The hydrogen as it is set free will then, 
instead of forming into bubbles, unite with the oxygen of this 
substance to form water. These substances, however, cannot 
be employed in a zinc copper cell, as the copper would be 
dissolved in them, and some of them would also attack the 
zinc as soon as the circuit was broken. This difficulty was 
overcome by Poggendorff, who devised the “ Bichromate ** 
cell, consisting of plates of carbon and zinc immersed 
in a solution of bichromate of potash, to which a 
small quantity of sulphuric acid has been added. This 
solution begins to dissolve the zinc as soon as the circuit 
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is broken, and therefore arrangements have to be made for 
lifting the zinc out of the solution. Nitric acid is a highly 
oxidising substance, and very suitable as a liquid in which 
to immerse the positive plate ; but it will not do to have 
the zinc immersed in nitric acid, as the action of the acid 
on the zinc as soon as the circuit is broken would be 
exceedingly rapid. Bunsen therefore devised a cell, in 
which the positive plate is formed of carbon immersed 
in strong nitric acid. The acid is placed in a porous pot, 
and this porous pot is itself placed m a vessel containing 
a zinc plate and dilute sulphuric acid. The porous pot 
allows the liquid to pass into its pores, so that the products 
of the chemical decomposition going on in the cell can pass 
through it under the influence of E.M.F.; but if the liquids 
inside and outside the porous cell respectively are at the 
same level, ordinary mixture of the liquids will only take 
place exceedingly slowly. The Bunsen cell is a very good 
one where a strong current is required, but it is necessary 
after using it to soak the carbons for some hours in water i<f 
get rid of the nitric acid which they have absorbed. In a 
cell devised by Mr. Justice Grove, and therefore known 
as the Grove cell, the carbon is replaced by a sheet of 
platinum, which can be washed much more easily. After 
using either of these cells the solutions must be poured out, 
as otherwise gradual mixture of the two will take place. 
Neither of them is pleasant to use in a room, as they give 
off an exceedingly pungent gas known as nitrous oxide. 

The polarisation dilhculty has been overcome in another 
way in the Daniell cell, which consists of a zinc rod or plate 
immersed in sulphuric acid, and a copper plate immersed 
in a saturated solution of sulphate of copper. The solu- 
tions are separated by a porous division, one of them being 
usually contained in a porous pot immersed in the other. 
In this cell the hydrogen, set free as the zinc dissolves in 
the acid, passes through the porous division into the solu- 
tion of sulphate of copper, which it decomposes, forming 
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sulphuric acid, and depositing a layer of copper upon the 
copper plate. The strength of the solution is kept up by 
placing some crystals of the salt in it, which dissolve as fast 
as the copper is deposited, so that the solution of sulphate 
of copper IS maintained at the point of saturation. 

Another battery which must be mentioned, as it is exten- 
sively used for telegraphic and telephonic purposes, and also 
for ringing electric bells, is the L^clanchd cell. This cell 
consists of a vessel containing a solution of salammoniac, in 
which are immersed a zinc rod or plate, and a porous pot 
packed with lumps of carbon and powdered binoxide of 
manganese. The zinc dissolves in the salammoniac, and 
bubbles of hydrogen are formed on the carbon plate; so that 
if the circuit is kept closed for any length of time, the E.M.F. 
will be found to fall considerably. This affords an explana- 
tion of a fact which may probably have been noticed by 
many of my readers, that an electric bell, worked, as is 
usually the case, by means of one or more of these cells, 
ifrill soon cease ringing if the button is kept pressed down, 
and will sometimes fail to act if it has been rung a good 
many times in rapid succession. When the battery is left 
to itself for a short tim^: the oxygen from the oxide of man- 
ganese gradually combines with the hydrogen bubbles to 
form water, and in this way the E.M.F. of the battery is 
restored to its original value. 

Batteries like the Grove or the Bunsen are very suitable 
for maintaining an electric light for an hour or two for 
experimental purposes, and a bichromate battery will do 
very well for the same purpose if the light is only required 
for a still shorter time — as, for example, to supply current 
for a lamp to stand at the bed-side to observe the 
time by the clock during the night — the battery being 
brought into action when required by pressing down 
a rod which immerses the zinc in the solution, a spring 
lifting it again as soon as the pressure is removed Small 
incandescent lamps supplied with current from a bichromate 
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cell are often sold as reading-lamps, but after burning from 
half-an-hour to two or three hours, according to the size of 
the cell, they will gradually become dim and ultimately 
cease to glow altogether, when the battery must be refilled 
with fresh solution. It is impossible commercially to sup- 
ply the electric light by means of any form of galvanic 
battery, or primary battery, at present known to us, for the 
simple reason that in these batteries the energy is obtained 
from the consumption of zinc or other material, which costs 
many times more than coal. The object in using a dynamo 
instead of a battery to supply the current is, that instead of 
having to burn an expensive fuel, such as zinc, to obtain 
energy, it can be obtained by burning the cheaper fuel, 
coal; and though a considerable amount of the energy 
obtained from the coal is lost, first in the process of trans- 
forming heat into mechanical work in the steam engine, and 
secondly in the transformation of mechanical into electrical 
energy in the dynamo, still the difference between the cost 
of coal and that of zinc is so great that the cost of producing 
electricity on a large scale by means of a dynamo is many 
times less than it would be if any form of primary battery 
were used. 



CH \PTER VI. 

MAGNETIC FIELDS. 

As there will be frequent occasion in this and the following 
chapters to make use of the term “ Magnetic Field,” it will 
be important for the reader to obtain an exact conception 
of its meaning. 

A Magnetic Field may be defined as a region within 
which magnetic force acts — that is to say, it is a region of 
such a kind that if a magnet is introduced into it, it will 
be subject to the action of certain forces in virtue of its 
Magnetism ; and if a magnetic substance is introduced into 
such a region it will become magnetised — ^that is to say, it 
will acquire magnetic properties. A clearer idea of what is 
meant by a magnetic f.eld, or a field of magnetic force, will 
perhaps be obtained by supplementing this definition by 
the consideration of some field of force of a more familiar 
character than magnetic force. Consider, for example, what 
happens when a comet is moving through space in the 
neighbourhood of the solar system. 

The comet would be attracted by the sun, and if it were 
originally at rest, and the sun were the only other body in 
the universe, the comet would be drawn directly towards it, 
and the force tending to draw the two bodies together 
would increase, as they approached each other, at such a 
rate that when the distance between the sun and the comet 
was halved, the force would amount to four times its 
original value; when the distance was diminished to one* 
third of its original amount, the force of attraction would be 
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nine times as great as at first; when the distance was 
diminished to one-fourth, the attraction would be sixteen 
times as great, and so on. In other words, the attraction 
between the two bodies would be inversely proportional to 
the square of the distance between them. Considering then 
merely the motion of the comet in obedience to the force 
acting upon it, it may be regarded as moving in a field of 
force of such a character that the intensity of the force is 
the same at all points of any spherical surface described 
with the centre of the sun as its centre, while the direction 
of the force is always along the radius. This field of force 
may be mapped out in such a way as to exhibit at a glance 
the magnitude and direction of the force exerted upon the 
comet at any point. 

Describe a number of spherical surfaces, each having the 
sun as centre, and therefore lying one within the other, and 
let the distance between any sphere and the one imme- 
diately outside It be calculated from the law of attraction in 
such a way that the force always diminishes by the sam^ 
amount in passing from any one sphere to the next 
outside it. 

If these spheres are drawn close eribugh, the whole region 
will then be mapped out in such a way that the ratio of 
the rate of change of the force acting on the comet at any 
point of its path, to that at any other point, will be the 
same as the ratio of the distance between the two adja- 
cent spheres enclosing the first point, to the distance 
between the two adjacent spheres which enclose the second 
point 

The direction of the force at any point will be along the 
line joining that point to the common centre of the spheres, 
that is to the centre of the sun, and it will therefore always 
be perpendicular to the surface of the sphere passing 
through the point Such a line, which represents the 
direction of the force acting on the comet at any point, is 
called a line of force; and each sphere, being a surface 

• 4 
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everywhere perpendicular to the direction of the force, is 
called a level surface. 

It is clear that in the present case the distance between 
two adjacent spherical surfaces, at such a small distance 
apart relatively to their distance from the common centre 
that the difference between these distances may be 
neglected, will be inversely proportional to their common 
distance from the centre of the field of force. The field 
will therefore be completely defined by the statements — 

(1) That the level surfaces are spheres with the centre of 
the sun as their common centre. 

(2) That the distance between any two adjacent spheres 
is inversely proportional to the distance of their surfaces 
from the centre. 

It will be convenient, for the purpose of applying these 
considerations to magnetic fields, to define the fields by 
means of what are called unit tubes of force instead of by 
the level surfaces. 

f 

Imagine a small closed curve to be drawn on one of the 
spheres, and let the force across the small area enclosed by 
the curve be taken as the unit of force, then all the lines of 
force passing through* the boundary of this small area will 
form a tube, which is called a unit tube of force. In the 
case of the field of gravitation force due to the sun, these 
tubes will clearly be cones ha\ing their vertices at the centre 
of the sun, and it could easily be shown mathematically that 
the force of attraction on a unit mass placed anywhere in 
the field of force would be inversely proportional to the 
area of the section of the tube made by the level surface 
through the point. 

Any portion of the field of force will thus be fully defined 
by the unit tubes of force drawn in this manner, for the 
direction of the line of force at anjr point gives the 
direction of the force, while the number of unit tubes 
passing through unit area on the level surface through the 
point may be taken as a measure of the intensity of the 

t 
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force. So far the comet has been supposed to be acted 
on only by the force of attraction of the sun. This, 
however, is ftot really the case, for every planet and satellite 
of the solar system is at the same time attracting the comet 
towards itself with a force proportional to its mass, and 
inversely proportional to the square of its distance from the 
comet. 

Now, according to the experimentally observed laws of 
motion discovered and enunciated by Sir Isaac Newton, 
the force exerted by each body is independent of the forces 
exerted by the others, and therefore it becomes a mere 
question of mathematical calculation to map out the field of 
force in which the comet is actually moving. 

Such a field may, as before, be defined by means of its 
level surfaces, or by means of its unit tubes of force ; but 
the level surfaces will no longer be spheres, and the lines of 
force will no longer be straight lines. Now, just as the field 
of force in which the comet is moving has been mapped out^ 
so we may map out a field of magnetic force ; and it was 
first in connection with the mapping out of magnetic fields 
that Faraday introduced the idea of lines of force, and the 
method of mapping out a field of force by their means. It 
seemed, however, to me that it would be easier to approach 
the subject through the better known case of gravitation 
force. 

A very simple means of studying magnetic fields experi- 
mentally is to place a sheet of stiff paper or cardboard in 
the portion of the field in which we wish to know the 
distribution of magnetic force, and to dust it over with iron 
filings, when the filings will arrange themselves along the lines 
of force. It will be of interest to illustrate this by considering 
a few simple cases. 

Let the magnetic field be that due to a single magnetic 
pole. This may be practically obtained by holding a long 
narrow bar magnet vertically under the cardboard, with 
one end in contact with its under surface, and then dusting 
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the filings upon the upper surface, tapping the card slightly 
during the process. The further pole of the magnet will 
be so far from the card that it will not produce^any sensible 
effect, so that the field will be practically that due to the 
nearest pole. 

The filings will then arrange themselves in a series of lines 
radiating from a common centre immediately over the 
pole of the magnet in contact with the cardboard, as 



Fig. I. 


shown in Fig. i. In this way, of course, we only obtain a 
representation of a section of the field of force. If we could 
obtain a single separate magnetic pole — which, as a matter 
of fact, is impossible — the magnetic field surrounding it 
would be of a character exactly similar to the field of force 
surrounding a sphere of gravitating matter, as in the case of 
the sun previously considered. 

If the bar magnet is held horizontally under the card* 



MAGNETIC FIELDS. 


53 


board so as to touch along its whole length, the filings 
will arrange themselves as shown in Fig. a, which therefore 



Fig 2. 

• 

represents a section, through the line joining the poles, of 
the field of force due to a pair of opposite poles. 

The actual form of 
the lines of force in 
the space surround- 
ing the poles of a 
magnetised bar is 
shown in Fig. 3 . 

The field of force ^^ 2 - 3- 

surrounding an electric current may be exhibited in a 
similar manner. Thus bore a hole through a piece of 
cardboard, and pass a wire which carries a current up 
through the hole, allowing it to stand at right angles to 
the card. The iron filings will then arrange themselves in 
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a series of circles, having this hole as their common centre, 
as shown in Fig. 4. The level surfaces, being perpendicular 



Fig. 4. 


to the lines of force, e^dently consist, in this case, of a series 
of planes passing through the straight wire. 

In the case of the field of gravitation force in which a 
comet was moving, considered at the beginning of the 
chapter, the direction of the force at any point would be 
that in which the comet would move if it were placed at 
that point without any motion being given to it other than 
that due to the gravitation force. 

In the case of a magnetic field, a north pole and a south 
pole tend to move in opposite directions along a line of 
force, and we select as the positive direction of a line of 
force, or the direction of the magnetic force at a point, 
that direction in which a north pole would move if uncon- 
strained. The reason that the iron filings arrange themselves 
along the lines of force is that they become magnetised with 
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their axes in the direction of their greatest length, and equal 
and opposite forces acting upon their opposite poles set 
them along jthe lines of force ; just as when two strings are 
tied to the end of a stick and pulled in opposite directions 
the stick will set itself in a straight line with the pair of 
strings. 

It is evident, from inspection of Fig. 4, that if one of the 
poles of the magnet could be separated from the other, it 
might be made to rotate continuously round a wire carrying 
an electric current ; and though it is impossible to do this, 
the truth of the statement can, notwithstanding, be demon- 
strated in several ways. 

Perhaps the simplest of these is to place a magnet, formed 
out of a long, thin, flexible steel wire, parallel and close to 
a wire carrying a current, when it will be found that the 
two poles will rotate round the wire in opposite directions, 
twisting the magnet round the wire. 

It is e’ear, then, that an electric current is surrounded by 
a series of what may be called “ magnetic whirls,*’ ani 
therefore it becomes easier to see the possibility of an 
electric current being set up in a wire moved across the 
lines of force of a magnetic field, aj Faraday found to be 
the case. For both magnets and conductors carrying 
currents give rise to actions going on in the medium 
surrounding them of such a kind as might be imagined to 
arise from a rotation of portions of the medium ; and 
therefore when a wire is moved across the lines of force 
magnetic whirls are set up round the wire, involving the 
existence of what is called a current of electricity. 

Faraday found that the E.M.F. excited in a conductor by 
moving it across the lines of force was in the direction at 
right angles to that of the motion and to the direction of 
the lines of force, and the direction of its action was given 
by the rule that if we suppose a man swimming in the 
conductor to turn so as to look along the line of force in 
the positive direction, while the conductor moves towards 
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his right hand, he will be swimming with the current 
induced by the motion. The amount of the E.M.F. Faraday 
found to be proportional to the number of upit tubes of 
force cut per second, and therefore proportional to the 
intensity of the field and to the length and velocity of the 
conductor. 

From what has just been stated as to the direction of the 
E.M.F. excited in a conductor when it moves across the 
lines of force, it follows that if a closed circuit, such as a 
circle of wire, be moved across them, the passage of a unit 
tube of force from the inside to the outside of the area 
enclosed by the circuit will produce an E.M.F. equal and 
opposite to that due to the passage of a unit tube from the 
outside to the inside. The current round the circle will 
therefore be proportional to the rate of increase or decrease 
in the number of unit tubes enveloped by the circuit 

Instead of moving a conducting circuit in a magnetic field 
in such a manner as to vary the number of tubes of force 
enveloped by it, this variation may be effected by varying 
the magnetic field while the conductor remains stationary. 
Thus if a magnetic field is made to grow around a straight 
wire forming a portion of a conducting circuit, by starting a 
current in a second circuit, part of which is parallel and 
close to the straight wire, it will give rise to an induced 
current in the latter in the opposite direction to that of the 
inducing current, and continuing as long as the inducing cur- 
rent continues to increase — ^that is to say, as long as the mag- 
netic field continues to grow. When the inducing current 
assumes a steady value the variation in the magnetic field, 
and therefore also the induced current, will cease. If the 
inducing current is now allowed to die away the magnetic 
field will also begin to die away, giving rise to an induced 
current in the straight wire in an opposite direction to that 
of the former one, and lasting until the inducing current 
has completely ceased. 

If a current is suddenly started in a straight wire a 
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magnetic field will be made to grow round it, and will give 
rise to an E.M.F. opposed to that of the inducing current, 
the effect of which is to retard the increase of the primary 
current. If the primary current is allowed to die away, the 
resulting variation in the magnetic field will give rise to an 
E.M.F. in the direction of the primary current, the effect of 
which will be to make the current die away more slowly 
than it otherwise would. This phenomenon is known as 
self-induction. It is easy to see that the self-induction of a 
straight wire of given dimensions would be greatly increased 
if It were wound into a coil, as this would bring the different 
parts of the circuit much closer together, and would there- 
fore greatly increase the mutual induction of the different 
portions — that is to say, it would increase the self-induction 
of the circuit. 

It is possible to arrange a series of magnets in such a 
manner as to make a magnetic field within a certain portion 
of which the magnetic force is everywhere equal and in the 
same direction. When this is the case the magnetic field ia 
said to be uniform, and the lines of force are all parallel, and 
the section of a unit tube by a level surface is the same 
at every point. If any closed circuit is moved parallel to 
itself across the field, the number of unit tubes enveloped 
by the circuit will therefore remain unchanged, so that no 
current will be produced; but if the circuit is made to 
rotate, the number of unit tubes enveloped will vary, and 
therefore currents will be induced in it during the motion. 

Suppose, to take as simple a case as possible, that the 
circuit consists simply of a circle of wire. In order to fix 
the ideas, suppose that the lines of force are horizontal, and 
that the positive direction — ^that is to say, the direction of 
the magnetic force — is from left to right. Let the circle be 
capable of rotation about a horizontal axis passing through 
its centre, and perpendicular to the lines of force. Let the 
circle be made to turn about this axis in the direction of 
the hands of a watch, and consider what happens, starting 
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with the circle in a horizontal position. In order to define 
the direction of the current round the circle, suppose a 
watch to be placed in it with its face in its^ plane, and 
directed towards the observer in the initial position. 
Applying Faraday’s rule, it is then easily seen that during 
the first and last quarter revolutions the current round the 
circle will be in the opposite direction to the motion of the 
hands of the watch, and in the same direction as that of the 
hands during the second and third quarter revolutions. The 
reversal of the current will therefore take place each time 
that the plane of the circle passes through the position of 
parallelism with the lines of force. 

If, then, the circle is made to spin about a horizontal axis, 
it will be traversed by a series of currents alternately in 
opposite directions, the change in direction taking place at 
each half revolution. 

An approximately uniform field may be produced between 
the poles of a magnet having its ends hollowed out to a suit- 
able shape, and bent round so as to bring them close together. 

A conductor such as has been described, but having its 
ends cut at a point on the axis of rotation, and connected 
with conducting wirqs to carry the currents produced 
wherever they are wanted, and arranged in such a manner 
as to be capable of rotating between the poles of a magnet, 
is nothing more or less than a dynamo in its simplest ideal 
form. 

For some purposes— as, for example, for producing the 
electric light — the currents may either flow alternately in 
opposite directions or continuously in the same direction. 
For other purposes, however — such, for example, as electro- 
plating — it is necessary to have the current always in the 
same direction through the conducting wires or leads, as 
they are often called, and in that case it is necessary to 
make use of some kind of arrangement which reverses the 
connections between the rotating conductor and the leads 
whenever the direction of the current in the rotating 
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portion is reversed — that is to say, at every half revolution. 
An arrangement of this kind is called a commutator. 

Professor Sylvanus P. Thompson, in his work on 
Dynamo Electric Machinery^ from which, by the kind 
permission of the author and publisher, the illustrations in 
this and the following chapter have been taken, sums up 
the guiding principles which have to be borne in mind in 
constructing a dynamo, as follows — (i) The field magnets 
should be as strong as possible, and their poles as near to 
the armature as possible ; (2) the armature should have 
the greatest possible length of wire upon its coils ; (3) the 
wires of the armature coils should be as thick as possible, 
so as to offer little resistance to the induced currents ; (4) 
the speed of rotation should be as great as possible. 

These are by no means the only conditions which have 
to be considered in designing a satisfactory dynamo; but 
even when nothing further is taken into account, a system 
of give and take has to be adopted, as it is impossible to 
carry out each of these conditions to the fullest possibk 
extent in the same machine, and therefore it is necessary 
to effect such a compromise as will give the best result for 
the purpose in view. 



CHAPTER VII. 

ELECTRIC \L MEASUREMENT. 

So long as electricity remained merely a laboratory science 
very little attention was paid to electrical measurement, out- 
side the small circle of great mathematical electricians who 
were engaged in studying electrical phenomena, and investi- 
gating the .general laws to which they were subject, from a 
purely scientific point of view. 

For a long time after electricity had become more or less 
a subject of general interest, the attention of by far the 
greater number, even of those who were engaged in 
teaching the subject, was mainly confined to the descrip- 
tion of phenomena without regard to their quantitative 
relations. 

Text-books of not nviny years ago scarcely even touched 
upon these quantitative relations, although the fundamental 
principles of electrical measurement had been fully worked 
out by Gauss, Weber, Sir William Thomson, and a few 
others. 

It was the application of electricity to practical purposes 
which changed all this; and especially the rapid and 
comparatively recent development of electric lighting, and 
of the application of electricity to the distribution of power. 

An electrical engineer requires to know not only whether 
a current will be produced under certain circumstances, but 
also the exact effect of each one of these circumstances, 
so that he may be able to determine the conditions 
most favourable to its economical production, and design 
his apparatus and system of distribution accordingly. 
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It is not sufficient for him to know that a smaller 
proportion of energy is wasted in the form of heat when 
the current is carried by a copper conductor than if an 
iron conductor of the same dimensions were employed. 
He wants to know exactly how much one is better than 
the other, so that he may be able to decide whether it is 
more advantageous to incur the increased expense of 
copper conductors in order to save the waste of energy, 
or whether the increase in cost would more than counter- 
balance the saving effected in the motive-power. 

If the balance of advantage is in favour of copper — as it 
invariably is, for example, in the case of the conductors 
which carry the currents for electric lighting — he has to 
determine the most economical dimensions of the con- 
ductors to be employed in carrying the current required. 

This is a problem which has to be determined almost 
daily in the case of laying down electric light cables, which 
are now spreading so rapidly even in London. These 
requirements of the practical engineer, which began t6 
make themselves sensibly felt when submarine telegraphy 
first became a realised fact, afforded a most powerful 
stimulus to the development both o^ a system of electrical 
measurement, and of the means for practically carrying it 
out. 

If the development of the system itself had been entirely 
in the hands of the mathematical electricians, and had 
been uninfluenced by practical considerations, it would 
have developed much more slowly; and would probably, 
to some extent, at any rate, have failed to fulfil the require- 
ments of the practical engineer. 

If, on the other hand, it had been developed by men 
acquainted only with the practical side of the question, 
unaided by scientific theory, it would never have been so 
simple and convenient, even for practical purposes, as that 
now in use. It would, in fact, have borne the same relation 
to the actually existing system that our English system of 
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Weights and Measures does to that which was developed 
by scientific men in France, which, in addition to being 
one of the greatest boons to the population of che country 
in w’hich it took its rise, has been found so greatly superior 
to any system developed without the aid of scientific know- 
ledge that it has been universally adopted for the purpose 
of scientific measurements, and has b^en made the basis of 
the practical system of electrical measurement. 

The British Association Committee, with Sir William 
Thomson as its guiding spirit, played the most important 
part in the development of this system, which is now in use 
by electrical engineers of every nationality, and in every 
part of the world where electricity is employed for practical 
purposes 

The foundation of the science of electrical measurement 
was really laid by the investigations of Cavendish about 
the middle of the last century, in which he showed that 
the observed fact that a hollow electrical globe does not 
communicate any portion of its charge to a small globe 
in communication with and enclosed within it, leads by 
strict mathematical reasoning to the conclusion that the 
attraction between two small electrically-charged bodies is 
inversely proportional to the square of the distance between 
them. Until Professor Clark-Max well in 1879 edited Caven- 
dish’s unpublished papers the French physicist Coulomb 
had generally been credited with this discovery, as Caven- 
dish, though he communicated some of his preliminary 
results to the Royal Society in 1771, never published his 
definite proof of the law. 

Cavendish’s prior discovery does not in any way detract 
from the merit of Coulomb, who in the year 1875 com- 
municated to the French Academy the description of a 
series of experiments with his torsion balance, in which 
he had directly demonstrated the law of inverse squares 
both for electrical action, and for the attraction and 
repulsion between magnetic poles. The discoveries of 
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Cavendish and Coulomb laid the foundation of the 
theory of electrostatics, and of magnetism respectively; 
and Oersted's discovery in 1820 of the mutual actions 
between electric currents and mignets formed the basis 
on which Ampbre built up his mathematical theory of 
electro-magnetism. 

It has been pointed out in Chapter II L that these 
investigations gave the means of measuring electric currents 
by their actions on magnets and upon each other; and, 
indeed, Ampere was the originator both of the idea and of 
the name of the Galvanometer. 

In the same year in which Ampere described this in- 
strument Schweigger modified Ampere’s original idea by 
winding a wire into a coil, in the centre of which a 
magnetic needle was suspended, and indicated by its 
deflections the direction and strength of the current 
traversing the coil. 

In the year 1837 Pouillet modified this instrument so as^ 
to make it capable of exactly comparing the strengths of 
two currents by means of the respective deflections of the 
needles, instead of the deflection only giving a general idea 
of the current strength. The Si^^e ” and “ Tangent ” 
galvanometers, invented by him, are still among the instru- 
ments in most frequent use for laboratory measurements of 
electric currents. 

In the year 1846 Amp^re^s investigations on the mutual 
actions of conductors carrying electric currents led Weber 
to the invention of the electro-dynamometer, an instrument 
in which an electric current traverses in succession a fixed 
coil and a small movable one suspended within it, and 
the strength of the current is determined by means of the 
deflection of the smaller coil. 

While advances were thus being made in the construction 
of instruments for use in electrical measurement, the theory 
of the subject was by no means standing still. 

In the year 1827 Ohm published a most important 
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paper, in which he showed that the strength of the current 
between any two points of a conductor is proportional to 
the electro-motive force between the two points^ divided by a 
certain quantity depending only upon the dimensions and 
material of the conductor, which he called its “electrical 
resistance.” 

For some years after this electricians continued to follow 
Ohm^s example in expressing the resistances of different 
portions of a circuit in terms of the resistance of a selected 
portion of it. 

In the year 1837, however, Pouillet took the very 
important step of expressing all his measurements of 
resistance in terms of the resistance of distilled mercury, 
using as a standard the resistance of a column of mercury 
of a measured length, contained in a glass tube, terminating 
in wide cups in order to allow of the necessary connections 
being made. 

In the year 1833 Gauss published a most important 
paper, in which he described the theory and method of 
measuring the intensity of terrestrial magnetism and the 
strength of a magnetic pole in absolute measure — that is to 
say, in terms of units» depending only on the units of space, 
time, and mass which were chosen. Those adopted by him 
were the millimetre, the second, and the milligramme. 

In 1851 and subsequent years Weber, who had been 
associated with Gauss in his magnetic measurements, 
developed a definite system of electrical measurement 
expressed in terms of absolute units, and founded upon 
Gauss’s absolute system of magnetic measurement. In a 
paper published by him in 1851 he pointed out that, 
according to Ohm’s law, the resistance of a closed circuit 
is determined in terms of the E.M.F. and the current 
strength, and he proceeded to define the unit of resistance 
as the resistance of a closed circuit, in which unit E.M.F. 
produces a current of unit strength. 

He then went on to show that E.M.F. and current 
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strength require for their expression in absolute measure 
only the determination of the strength of a magnetic pole, 
and of the intensity of terrestrial magnetism, both of which 
Gauss had shown how to determine. 

The advantages of Weber’s system were at once recognised 
by Sir W. Thomson, and in the year 1861 a Committee of the 
British Association was appointed, at his suggestion, for the 
consideration of standards of electrical resistance, and the 
plan of work was subsequently extended so as to include 
the general question of electrical measurement. The 
committee thus formed requested the co-operation of the 
principal British and foreign electricians, including both 
purely scientific men and practical engineers ; and the final 
conclusion at which they arrived was to adopt a series of 
practical units obtained by taking convenient multiples of 
the absolute units. The principal units required by 
practical engineers are those of quantity, of current, of 
resistance, and of potential or E.M.F. 

Now, Ohm’s law gives a relation between the last three of 
these, and the two first are very simply related ; so it is 
sufficient to determine any two of them. It will greatly 
assist the reader in forming a conception of the quantita- 
tive relations which have to be considered by electrical 
engineers to understand clearly how these units are 
obtained, and I shall therefore indicate very briefly the 
simple course of reasoning by which the units of cuxrent 
and resistance are expressed in terms of absolute units. 

Coulomb’s experiments had shown that the force acting 
between two magnetic poles is proportional to the product 
of their strengths divided by the square of the distance 
between them; and therefore, unless a useless factor is 
introduced, the force may be defined as equal to this 
expression; from which it will follow that the unit pole, 
or pole of unit strength, will be that which repels a 
similar pole at a distance of one centimetre, with a force 
of one dyne. 


5 
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Now, the force exerted on a unit magnetic pole by a 
current whose distance from it is constant — that is to say, 
by a current flowing in a conductor in the fornl of a circular 
arc described with the pole as centre — is found to be pro- 
portional to the length of the arc divided by the square 
of the radius of the circle, and therefore the force on a 
magnetic pole may be defined as being equal to the product 
of the length of the arc, the current through it, and the 
strength of the pole, divided by the square of the radius ; 
and it follows that the unit current must be defined as the 
current of which each centimetre exerts a force of one dyne 
on a unit magnetic pole at a distance of a centimetre. 

The unit of electric quantity is defined as the quantity 
conveyed in one second by a current of unit strength. 

It is found that the work required to transfer a given 
quantity of electricity from one point to another of a con- 
ductor is equal to the product of the quantity transferred, 
into tlie electro-motive force between the two points, and 
therefore the unit electro-motive force is an electro-motive 
force, such that, if it is established between two points, an 
amount of work equal to one Erg will be required to 
transfer the unit quantity of electricity from one to the 
other. The unit of resistance is then defined in accordance 
with Ohm's law, which asserts that the resistance between 
two points of a conductor is measured by the ratio of the 
electro-motive force between them to the current produced 
by it. 

The unit of resistance is therefore defined as the 
resistance of a conductor in which unit electro motive force 
produces unit current 

The units so obtained are not altogether of convenient 
magnitude for the expression of the electrical quantities 
which most commonly occur in practical work, some being 
too large and others too small 

The practical importance of selecting units of suitable 
magnitude may easily be seen by considering what would 
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be the result if, on the one hand, drapers were to use a 
mile as the unit of length in selling silk to their retail 
customers; Or if, on the other hand, the dates of events, 
referred, as is usual, to the beginning of the Christian era, 
were stated in seconds instead of years. The result would 
be that in the first case the quantities of silk most 
commonly sold would have to be expressed by means of 
decimal fractions of the unit ; while in the second illustra- 
tion the number of figures employed would be utterly 
unwieldy. 

The units defined above, being based on the centimetre 
as a measure of length, the gramme as a measure of mass, 
and the second as a measure of time, are known as centi- 
metre, gramme, second (usually denoted by their initial 
letters CG.S.) units. 

The practical unit of electric current is defined as one- 
tenth of the CG.S. unit of current, and is called an 
Ampere, after the great French electrician of that name. 
The unit of electro-motive force is called a Volt, after Volta, 
and is taken to be a hundred million C.G.S, units. The 
unit of resistance, which is called the Ohm, is then defined 
as the resistance of a conductor through which an electro- 
motive force of one Volt will produce a current of one 
Ampbre. 

It can be shown to follow from these definitions that the 
Ohm is equal to a thousand million C.G.S. units. 

The unit of quantity is called the Coulomb, and is 
defined to be the quantity of electricity carried by the 
unit current in a second. Its value is one-tenth of a 
CG.S. unit. 

These units came into general use, in Great Britain and 
her Colonies, during the years 1870 and 1871, through the 
influence of the British Association committee. 

On the continent of Europe, however, the absolute 
system was not generally adopted for practical purposes 
until after the meeting of the International Congress of 
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Electricians which was held in Paris in October i88i, 
when it was decided that they should be adopted by 
electricians throughout the world. ' 

The process of determining either the Volt or the Ohm 
in absolute measure is one of great difficulty, and requiring 
the most elaborate precautions. The result of this was 
that at the time of the Paris Congress numerous discrep- 
ancies existed between the experimental determinations of 
various eminent electricians; and it was therefore decided to 
define provisionally a “ Legal Ohm*’ as the resistance of a 
column of pure mercury io6 centimetres long, and having 
a sectional area of one square centimetre, this length being 
the nearest whole number to the mean of the most reliable 
of the results obtained. The Volt was therefore defined as 
the E.M.F. which maintains a current of an Ampere in a 
conductor whose resistance is a Legal Ohm. The Coulomb 
and Ampere retained their former definitions. 

The unit of power employed by electrical engineers is 
defined electrically as the power developed in a circuit 
traversed by a current of one Ampbre with a potential 
difference at its terminals of one Volt This unit, which is 
called a Watt is equivalent to ten million Ergs per second. 



CHAPTER VIIL 


MAGNETO AND DYNAMO ELECTRIC MACHINES. 

When Faraday had discovered that electric currents could 
be produced by the motion of a conductor in a magnetic 
field, he constructed a machine by which a continuous 
current could be conveniently generated in this manner. 
It consisted of a disc of copper twelve inches in diameter, 
and about one-fifth of an inch thick, fixed upon a brass 
axle, about which it was made to rotate with its edge 
between the poles of a large compound permanent steel 
magnet, formed by joining a number of steel horse-shoe 
magnets together, the poles being about half-an-inch apart 

The current was made to pass through a pair of con- 
ducting wires or leads, one of which was attached to a 
brass axle, and the other to a coppew strip, which rubbed 
against the edge of the disc between the poles of the 
magnet 

Faraday then found that, if a galvanometer was included 
in the circuit with the conducting wires, a permanent 
deflection was produced, of an amount varying with the 
speed of rotation ; and that it was reversed when the 
direction of rotation was reversed. This was the first 
magneto-electric machine. It was followed by a number 
of devices, in which coils of wire were made to rotate 
between the poles of a permanent steel magnet; or in 
which the magnet was made to rotate, while the coils of 
wire remained fixed between the revolving poles. 

Now, the use of steel magnets greatly restricted the 
power of these machines, for very large steel magnets are, 
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in the first place, costly to build up, and, in the second place, 
they gradually lose a considerable portion of iheir magnetism. 

In the year 1845 Wheatstone and Cooke took out a 
patent for the use of electro magnets instead of permanent 
steel magnets \ and three years later Jacob Brett suggested 
that the current generated in the armature by the permanent 
magnetism of the field magnets should be sent through a coil 
of wire surrounding the latter, so as to increase their strength. 

This appears to be the first suggestion of the principle of 
the self-exciting dynamo. 

In 1863 Wilde devised a machine in which an armature, 
consisting of coils of wire, was made to rotate between the 
poles of a large electro-magnet, which was excited by means 
of a separate small magneto-machine. 

The term “ dynamo electric machine ” was first intro- 
duced by Dr. Werner Siemens in 1867 in describing to the 
Berlin Academy machines in which currents were induced 
in the coils of the rotating armature by means of electro- 
magnets, which were themselves excited by the currents in 
the armature. This term, in its shortened form of “dynamo,” 
is now employed for all electrical machines driven by 
mechanical power, |vhether self-exciting or not, in which 
the current is generated by the motion of coils of wire in 
a magnetic field, or by the rotation of a magnetic field 
about coils of wire. Since this lime the theory and practice 
of dynamo construction have advanced with rapid strides, 
and the various dynamos now in use arc so numerous that 
they would require a volume very much larger than the 

present one for their 
description. 

An ideally simple 
dynamo is shown. in 
the illustration (Fig. 5). 

It consists of a 
simple rectangular 
loop of wire rotating 
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between the poles of a large magnet, and therefore, as has 
been pointed out before, in an approximately uniform 
magnetic fie^d. 

When the loop is vertical, as shown in the figure, it will 
be traversed from left to right by the maximum number of 
unit tubes of force ; this number will diminish to zero when 
the plane of the loop is horizontal, and after another 
quarter revolution — that is to say, after half a revolution 
from its original position — the loop will again be traversed 
by the maximum number of unit tubes of force. They will 
now pass through it in a direction opposite to their former 
direction, owing to the aspect of the loop with respect to 
the magnetic field having been reversed. Starting from the 
position shown in the figure, the currents generated in the 
loop during the first half revolution will be all in the same 
direction. During the first quarter revolution the numl^er 
of unit tubes of force passing through the loop will be 
diminishing, while, during the next quarter revolution, they 
will be increasing, and passing through the loop in the* 
opposite direction, so that the effect will be the same. 
There will therefore be a current in one direction round 
the loop during the first half revolution, and the opposite 
way round during the second half revolution. In order to 
send these currents through the conducting wires in the 
same direction, a commutator of the kind 
shown in Fig. 6 may be used. It consists of 
two nearly semicircular segments of metal tube 
mounted on a cylinder of hard wood or other 
convenient insulating substance. Each of 
these segments is connected with one end of 
the loop, and a couple of strips of metal are 
connected with the leads, and collect the current from the 
armature by pressing against the split lube, as shown in the 
diagram. 

If the lines of force in the field were perfectly horizontal, 
these strips, or brushes, as they are called, would have to 



Fig. 6. 
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be set so as to reverse the connections as the plane of 
the loop passed through the vertical position; but it is 
found in practice that the brushes must h^ displaced 
slightly in the direction of rotation of the armature. 

This displacement is called the lead of the brushes, and 
there has been considerable difference of opinion as to why 
it is necessary. 

It is now known, however, that it is really due to the lines 
of force being turned into a- slightly oblique position by 
means of the currents in the armature. 

It is found that if a mass of iron is placed within the 
armature it will cause a large number of unit tubes of 
force to thread through the loop, the tubes which would 
otherwise pass outside the armature being attracted, as it 
were, by the iron, and made to pass through its mass. 

When the field magnets are stationary and the armature 
is made to revolve, this mass of iron, or core, as it is called, 
should really be at rest, because if it rotates with the 
Armature, currents will be induced within it, just as in the 
copf)er disc of Faraday’s machine, and these, while absorl> 
ing some of the energy from the driving machinery, will not 
contribute anything tq the current in the circuit 

It is, however, easy to see that there would be consider- 
able structural difficulties to be overcome in fixing a 
stationary mass of iron within the revolving armature, and 
so it is usually made to revolve with the armature. In 
order to reduce as far as possible the currents induced in 
the core, and which are known as eddy currents, the cores 
are built up of thin sheets of iron, separated from one 
another by means of varnish, mica, asbestos paper, or other 
convenient insulating substance. 

In addition to the waste of energy caused by these eddy 
currents, they heat the core considerably, and therefore, 
even independently of the waste of energy, solid iron cores 
are inadmissible, for the heating of the core which would 
ensue would not only increase the resistance of the armature 
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coils, and therefore diminish the currents induced in 
them, but would destroy the insulating material which 
separates tlje different turns of the coils. 

In practice the armature is never formed 
of a single loop, but of a coil, such, for 
example, as is shown in Fig. 7, which 
exhibits a section of the original form of 
Siemenses shuttle-wound armature, consist- 
ing of a coil of wire wound upon an iron core. 

Siemenses original magneto-machine, with an armature of 
this kind, and permanent steel magnets, is shown in Fig. 8. 



Fig. 8. 


This form of armature is still retained in small motors, but 
for lai^ger machines it has been entirely replaced by arma- 
tures in which the coils are wound upon a ring or drum of 
iron, and which are therefore known as ring armatures and 
drum armatures respectively. Fig. 9 shows a simple ring 
armature with a single coil 



Fig. 7 . 
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Now if a shuttle-wound, or a single ring-armature with 
one coil, is employed, with a split tube commutator, 
although the currents in t|;ie leads will 
always be in the same direction, they 
will not be of constant strength, but 
will vary from a maximum to zero 
at each half revolution. To remedy 
this, the ring or drum-armature is 
made with a number of coils, and 
the tube of the commutator, instead 
Fig- 9- of being divided into two segments 

only, is divided into as many segments as there are coils. 



\ 

\ 



>ig, lo. 


The coils of the ^mature then come into action in 
succession when they are in the position for best action. A 


ring-armature of this kind is ^hown in Fig. lo. 



Fig. II. 


Here the armature coils 
are all in continuous con- 
nection; but in some 
machines, such, for ex- 
ample, as the well-known 
Brush machine, the coils are 
all separate, and each coil 
has its own commutator. 
A four-part drum-armature, 
with its commutator and 
collecting brushes, is shown 
in Fig. 1 1 . There are also 
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disc armatures, in which the coils are flattened against 
the disc, and pole-armatures, which have the coils wound 
upon sepajiftte poles projecting radially from the periphery 


N 


Fig 12 

of the disc, as shown in Fig. 12, which exhibits a six-pole 
armature with commutator and collecting brushes. 

Methods of Exatin^ the 
Field Magnets — There are 
five simple wa>s of pro 
ducing the Magnetic Field 
in which the armature of 
the dynamo rotates. Of 
these methods the one 
first employed consists, as 
has already been pointed 
out, in the use of a perma- 
nent steel magnet Fig 13 
shows, in a diagrammatic 
form, a machine of this 
kind with Its circuit 

1 he terminals of the 
armature coils, together 
with the collecting brushes, 
are seen between the poles 
of the magnet; and the 
arrows show the direction 
of the current in the cir- 
cuit when the armature 
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revolves as indicated by the position of the brushes — viz., 
in the direction of the hands of a watch. It will be seen 
that this is simply the old magneto-electric machine which 
formed the original of the modem dynamo; but as the 
latter is now adopted as a generic term for all these 
machines, I shall follow Professor S. P. Thompson in 
calling it a magneto-dynamo. 

Permanent steel magnets are now only employed for 
quite small machines, numerous types of w'hich, for labora- 
tories and other purposes, are still made with them. 

In order to regulate the E.M.F. produced by a machine 
of this kind a movable piece of iron is usually provided, 
which can be placed more or less over the poles of the 

Field Magnet, in such 
a way as to divert a 
certain portion of the 
magnetism from the 
armature. 

The second stage in 
the development of the 
dynamo is shown in 
Fig. 14, which repre- 
sents a separately ex- 
cited dynamo— that is 
to say, one in which 
the magnetic held is 
produced by means of 
an electro-magnet, the 
magnetism of which is 
excited from some ex- 
ternal source, such as a 
voltaic battery, or by 
means of a small aux- 
iliary magneto-dynamo, 
as was done by Wilde 
in 1866. 



Fig. 14 . 
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The arrows in the diagram show the direction of the 
current in the field magnet coils required to produce the 
polarity incKcated, and the direction of the current in the 
main circuit when the rotation is in the same direction as 
before. The separately excited dynamo may be governed 
in the same way as the magneto-dynamo ; but there are two 
other methods of regulating its E.M.F., one or other of 
which will generally be found preferable. These consist 
either in weakening the current, which may be conveniently 
effected by introducing additional resistance into its circuit, 
or in altering the number of convolutions of wire through 
which the exciting current circulates round the field magnets. 

. In any dynamo the magnetic field is necessarily modified 
by the current in the armature coils, the effect of the field 
due to the armature being to produce an E.M.F. in the 
opposite direction to that due to the primary field, and 
therefore known as the back E.M.F. 

It is evident that the strength of the back E.M.F. will 
increase with the speed of rotation, provided the resistancf 
in the main circuit remains unchanged; but it will be dimin- 
ished by increasing this resistance — that is, by giving the 
machine more work to do ; for exaij^ple, by putting a larger 
number of lamps into the circuit 
With the exception of the effect of this back E.M.F., it 
is clear that in both these machines the E.M.F, will be 
independent of the resistance in the main circuit 
The next stage in the development of the dynamo was to 
do away with the auxiliary exciter, and make the machine 
excite its own magnetism. 

This is effected by making use of the current, or of a 
portion of the current, developed in the armature, to excite 
the field magnets. It would evidently be impossible to 
start this process unless the field magnets were excited 
to a certain extent to begin with. 

Assuming this to be the case, it is easy to see that the 
small current which will be produced by rotating the 
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annature may be made to increase their magnetism, and 
that the resulting increased strength of the magnetic field 
will increase the current through the armature, ^hich, in its 
turn, will still further magnetise the field magnets ; so that 
in this way, starting with a very small initial magnetisation 
of the field magnets, it may be increased up to any desired 
extent below that of saturation. It is found in practice that 
this process can be started without initially magnetising the 
field magnets from a separate source, the reason being that 
iron is always slightly magnetic ; and although its residual 
magnetism, as it is called, may be so small as to require 
exceedingly delicate instruments to detect it, it is invariably 
found to be sufficient, without external assistance, to start the 
process of self-excitation. 

There are three simple 
types of self-exciting dy- 
namo. The first and 
simplest of these, which 
may be called the ordin- 
ary dynamo, is known to 
electricians as the series 
dynamo. It is illustrated 
diagrammatical ly in Fig. 
15, and it will be seen 
from the illustration that 
the whole of the current 
from the armature passes 
through the exciting coils, 
which are connected in 
series with the main circuit. 

This form of machine 
has several serious disad- 
vantages. In the first 
case, it is liable to be- 
come reversed in polarity, 
Fig 7 5* which makes it impossible 
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to use it, either for electro-plating purposes, or for charging 
accumulators or secondary batteries. 

In the seJond place, it will not begin to excite itself until 
a certain speed has been attained, depending on the resist- 
ance in the circuit. 

Finally, it has the disadvantage that any increase in the 
resistance of the main circuit diminishes the exciting cur- 
rent, and therefore diminishes the E.M.F. produced by * the 
machine. 

The serious nature of this last disadvantage will easily be 
understood by considering its effect when the machine is 
used to supply current for an electric light circuit Arc 
lamps, such as are used for street lighting and for large 
interiors such as railway stations, are usually connected in 
series — that is to say, the main circuit wire is cut wherever 
a lamp is to be inserted, and the two free ends thus 
obtained are joined to the lamp terminals. 

If additional lamps are put into such a circuit they will 
increase its resistance, and therefore diminish the power ot 
the machine just when it ought to be increased. Incandes- 
cent lamps, on the other hand, such as are used for house 
lighting and in theatres, are usually connected in parallel — 
that is to say, the conducting wire joining the poles of the 
dynamo, and forming the main circuit, is continuous ; and 
the direct and return portions of the conductor— -or the 
positive and negative mains, as they are called — are con- 
nected across at various points through the lamps. In this 
case the addition of extra lamps to the circuit opens up 
additional paths for the electricity to traverse, and therefore 
diminishes the resistance in the circuit, so that a smaller 
E.M.F. is required to maintain the same current The 
diminution in the resistance, however, increases the current 
through the field magnets, and this causes an increase 
in the E.M.F. developed by the machine. 

In order to overcome some of the defects of the series 
dynamo^ another type of machine, shown in Fig. 16, has 
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been devised. In thfe machine, as is shown in the diagram, 
the field magnet coils are not connected in series with the 

main circuit; but their ter- 
minals, and those of the 
main circuit, are both con- 
nected directly to the 
collecting brushes. The 
two circuits are then said 
to be in parallel, and the 
series coils are said to 
form a shunt to the main 
circuit ; whence this form 
of machine is known as a 
“shunt” dynama The 
field magnet coils arc 
made of a great number 
of turns of very fine wire, 
so that they have a much 
higher resistance than that 
of the main circuit, and 
are therefore traversed by 
a small portion only of the 
total current. 

When a “shunt” dy- 
namo is used to supply a 
current for a set of lamps in series, the addition of lamps 
to the circuit sends an additional proportion of the current 
through the field magnet coils, and thus increases the strength 
of the magnetic field, and therefore also the E.M.F. deve- 
loped If the machine is used to supply lamps in parallel, 
the resistance of the circuit is diminished, and less current 
is sent through the shunt coils, so that the strength of the 
field, and therefore the E.M.F. developed by the machine, 
is slightly diminished ; and if the internal resistance of the 
armature is small, such a machine can be made to regulate 
itself fairly well. 
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The principal objection to shunt wound machines is 
that any unsteadiness in the driving machinery produces 
a comparatively large effect on the main circuit The 
reason of this is that the shunt coils, being formed of a 
great many turns of thin wire very close together, and 
wound upon an iron core, have much more self-induction 
than the main circuit, and therefore any variation in the 
speed produces its effect upon the lamps before the current 
in the exciting circuit has had time to undergo a sensible 
change. Shunt dynamos are easily governed by introducing 
resistance into the exciting circuit. 

The last of the simple forms of self-exciting dynamo is 
what Professor Thompson calls the separate circuit self- 
exciting dynamo. In machines of this type the “exciting” 
circuit is entirely separate from the main circuit, and the 
current through it is obtained either from a second arma- 
ture spinning between the same field magnets, or through a 
special commutator connected separately with a few of the 
armature coils, and supplying no current to the main* 
circuit 

Neither series nor shunt w'inding can be employed for 
alternating current machines, but ^ther of the systems 
described may be employed in continuous current dynamos 
— viz., those which give a current always in the same 
direction. 

In alternate current dynamos no commutator is required 
for transmitting the current to the main circuit, as the cur- 
rents, rapidly succeeding each other in opposite directions, 
are sent through the circuit just as they are received from 
the machine, and therefore, with a rotating armature, a 
simple si ’ding contact is all that is required. 

In some machines— such, for example, as those in use at 
the West Brompton Central Electric Lighting Station, of 
which an illustration is given in the frontispiece — the arma- 
ture remains at rest, and the field magnets are made to 
rotate ; and in this case no sliding contact is required, the 

6 
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terminals of the main circuit being attached permanently to 
the armature. When the machine is a self-exciting one, it 
is however necessary to employ a commutator- to rectify 
the alternations in the exciting current. 

The armature coils used for exciting the field magnets* 
are therefore connected to a commutator, of which Fig. 17 
represents a typical form. It con- 
sists of two hollow metal cylinders 
provided with teeth, and fixed upon 
a solid insulating cylinder, the teeth 
of either cylinder projecting between 
those of the other without touching 
them, as is shown in the illustra- 
tion. The two collecting brushes 
are fixed so that one is always in 
Fig. 17. contact with a tooth of one of these 

cylinders, while the second is in contact with a tooth of the 
other one. The two hollow cylinders form the terminals of 
nhe exciting coils of the armature. 





CHAPTER IX. 

THE STORY OF THE TELEGRAPH. 

Some of the descriptions which have come down to us of 
the manner in which the decrees of the old Roman oracles 
were communicated to those who consulted them, irresist- 
ibly suggest that magnetism was one of the agents employed 
by the priests to deceive their dupes. The descriptions are 
naturally extremely vague, as the narrators themselves had 
no idea whatever of the process employed. 

It is stated in one of these accounts that an iron tripod 
turned round in obedience to the incantations of the 
presiding priest, accompanied by certain movements, the 
object of which the narrator did not understand, of an iron 
ring suspended from a cord which the priest held in his 
hand. The letters of the alphabet^ inscribed on separate 
«mall plates, were arranged round the tripod, and as the 
latter moved they were drawn down upon the table in such 
an order as to spell out the answer of the oracle. 

It is very clear that these effects might be produced by 
means of magnetism, and it is difficult to imagine what 
other means could have been employed. It is moreover 
quite certain that the lodestone was known to the priests 
of ancient Egypt, and possibly through them to those of 
ancient Rome; and that the priests were also acquainted 
with the fact that a steel needle rubbed with a lodestone, 
and suspended so that it could turn freely in any direction, 
would set itself pointing north and south. 

All through the Middle Ages the magnet was employed 
as a means of imposition, both by those who professed to 
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foretell the future, and by the quacks who pretended to 
possess the power of curing all the ills that flesh is heir to. 

Even the enlightenment of the nineteenth century has 
not extinguished the latter class of impostors, and it is not 
therefore diflScult to imagine how easily they could impose 
upon the credulity of the multitude in what are generally 
known as the dark ages. We learn again from many 
writers, beginning from an early date down to as late as the 
seventeenth century, that there was a widely-spread belief 
in the possibility of communication between distant friends 
by means of the magnet 

The method by which this was supposed to be effected 
usually consisted in balancing a pair of steel needles, which 
had been rubbed with the same lodestone, upon vertical 
axes resting on circular bases, round the circumferences of 
which were inscribed the letters of the alphabet 

It was then stated that if two friends each possessed one 
of these instruments, then, no matter how far apart they 
might be, they could carry on conversation by their means, 
the method of procedure being simply for the one who 
wished to speak, to take his instrument and turn the needle 
in succession to the different letters, so as to spell out the 
sentence required, upon which, it was stated, the needle of 
the distant instrument would move from letter to letter in 
sympathy with the first Such statements are, of course, 
absurd, and they probably originated in deliberate imposture 
with the object of obtaining money from the credulous. 

The famous philosopher Galileo tells us that he was 
sought out by one of these impudent impostors, who 
offered to sell him a secret art which would enable him, 
by means of the attraction of a certain magnetic needle, 
to converse across distances of several thousand miles. 
Galileo, however, was not the kind of man to be made a 
dupe, and he very pertinently suggested to the would-be 
vendor that he should first put his art to the test by 
speaking from one corner of the room to the other. This, 
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however, did not suit the impostor, who objected that the 
distance would be too short, and that the instruments would 
only work when the space separating them was considerable. 
Galileo then informed him that it was not convenient for 
him to travel into Egypt or Muscovy in order to try the 
experiment, but that if the adventurer cared to do so him- 
self, he would remain in Venice and let him try to converse 
with him, promising that if the experiment were a success 
he would become the purchaser. It need hardly be said 
that the knave preferred to try his fortune elsewhere. 

Another method appears to have been much believed in, 
but for obvious reasons it was not likely to be often put to 
the test of experiment. It consisted in cutting pieces of 
skin from corresponding portions, such as the arms, of two 
persons, and mutually transplanting them, when it was 
stated that each transplanted piece would grow to the new 
arm, which is quite possible, similar operations often being 
performed in modem surgery. The rest of the story 
however makes rather large demands upon our credulity.* 
The transplanted piece of skin was said to retain so close a 
sympathy with its native limb as to be sensitive to any 
injury done to the latter. The lettejs of the alphabet were 
to be tattooed upon the transplanted pieces of skin, and 
whenever either member of the pair who had undergone 
this previous preparation wished to converse with his friend, 
he only had to prick the letters upon his arm with a 
magnetic needle, so as to spell out the message, and, as 
each letter was pricked in his own arm, a corresponding 
pain would be felt in that of his friend. 

It will perhaps appear to my readers almost impossible 
that any reasonable person could believe such statements, 
but, foolish as they appear in the light of modern know- 
ledge, they are not more so than the belief in the efficacy of 
electric hair-brushes and magnetic lockets — tt hoc ^enus 
omne — which not many years ago were offered for sale at 
almost every railway station in London ; and when we 
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find such absurdities as these being believed in by the 
masses, in spite of our present standard of knowledge, it 
becomes easier to understand how even learned men could 
believe the corresponding nonsense in vogue some few 
hundred years ago, when the standard of human know- 
ledge was considerably lower than it is at present These 
ideas moreover, absurd as they are, are not without 
interest, as they seem to foreshadow, though in an impos- 
sible and ridiculous fashion, the magnetic telegraph now in 
use throughout the civilised world. 

The electric telegraph, as it exists to-day, was of slow and 
gradual growth — so slow and gradual indeed that it is 
impossible to point to any one man as being the inventor 
of telegraphy. 

If we follow the history of any scientific invention it will 
always be found that the process of development resembles 
the processes of nature in the organic world, and that 
Jhough it may appear to flash suddenly upon the world, as 
Athene was said to have sprung, fully armed, from the brain 
of Zeus, this sudden appearance is really only the advance 
into general notice of the results of long and patient, but 
unobtrusive work ; and just as the classic story appears to 
give a perfect analogue to the sudden appearance of a great 
invention in the public field of view, so on looking a little 
closer the analogy still holds; for before Athene sprang from 
the head of Zeus the latter had swallowed her mother Metis. 

During the early part of the eighteenth century a good 
many philosophers occupied themselves with experiments in 
electricity, concerning themselves chiefly with the various 
means of producing it by friction. It was not, however, 
until the year 1729 that the discovery was made that some 
bodies conduct electricity freely and others only with 
diflSculty. This discovery of the fact that substances can 
be divided, with respect to their electrical behaviour, into 
the two great classes of conductors and insulators, was 
made in this year by Stephen Gray, a pensioner of the 
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Charterhouse, and this observation was of such prime 
importance in the development of the electric telegraph 
that it may*almost be regarded as its starting-point. 

A great impetus was given to experimenting in electrical 
phenomena by Musschenbrock’s discovery at I^yden in 
1745 of what is now known as the Leyden jar; and experi- 
ments on the transmission of electricity which had been 
attempted before were now resumed with much greater 
success. 

For example, in April 1746, Abb^ Nollet transmitted the 
shock of a Leyden jar through a number of Carthusian 
monks joined together by iron wires, and forming a circle 
five thousand four hundred feet in circumference. The 
contortions of the monks, when the circuit was closed, were 
accepted as sufficient evidence of the shock having been 
felt throughout the whole circuit, and the fact that these 
contortions took place simultaneously showed that the time 
occupied by the electricity in traversing the circuit was too 
small to be perceptible. 

The first actual suggestion of an electric telegraph was 
made in an anonymous letter published in the Scots Maga- 
zine at Edinburgh, February i7th,g 1753. The letter is 
initialed “ C. M.,” and many attempts have been made to 
discover the author’s identity; but though plausible theories 
have not been wanting, the question has never been set at 
rest, and a considerable concurrence of evidence indicates 
that the author s reason for concealing his identity was his 
fear of being regarded as a magician by his neighbours. 

The suggestions made in this letter were that ** a set of 
twenty-six wires should be stretched upon insulated supports 
between the two places which it was desired to put in 
connection, and at each end of every wire a metallic ball 
was to be suspended, having under it a letter of the 
alphabet inscribed upon a piece of paper. These pieces 
of paper were to be placed upon a horizontal table, at 
distances of about an inch below the balls. 
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Connection was to be effected by successively bringing 
the ends of the wires at the sending station into contact 
with the charged electrical conductor, in such^an order as 
to spell out the message which was to be sent, and the 
message was to be read off at the receiving station by 
observing the letters which were successively attracted by 
their corresponding balls, as soon as the wires attached to 
the latter received a charge from the distant conductor. 

In 1787 Monsieur Lomond, of Paris, made the very 
important step of reducing the twenty-six wires to one, and 
indicating the different letters by various combinations of 
simple movements of an indicator, consisting of a pith-ball 
suspended by means of a thread from a conductor in con- 
tact with the wire, which was charged by being put in con- 
tact with a charged electrified conductor at the other end. 

In the year 1790 Chappe, the inventor of the semaphore, 
or optico-mechanical telegraph, which was in practical use 
previous to the introduction of the electric telegraph, 
devised a means of communication, consisting of two clocks 
regulated so that the second hands moved in unison, and 
pointed at the same instant to the same figures, which were 
marked round the dials 

In the early form of the apparatus, the exact moment at 
which the observer at the receiving station should read off 
the figure to which the hand pointed was indicated by 
means of a sound signal produced by the primitive method 
of striking a copper stew-pan, but the inventor soon 
adopted the plan of giving electrical signals instead of 
sound signals, hoping in this way to be able to employ his 
apparatus for communicating at greater distances than 
would be possible when sound signals were used, as the 
slow rate at which sound travels would make the interval 
between the sending and receiving of the signal so great, 
that the hand of the clock at the receiving station would in 
the meantime have passed on to some other figure than 
the one intended to be indicated. He therefore used a 
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Leyden jar discharge to give a signal, but he found it 
impossible, when the distance was at all considerable, to 
insulate his»wires sufficiently well to transmit the signals, 
and it was this which led him to devise his well-known 
semaphore. 

It was this difficulty of insulation which was fatal to all 
the telegraphic systems based upon the use of electric 
currents produced by frictional machines, or by the dis- 
charge of Leyden jars. 

I pointed out in an earlier chapter that the electrical 
pressure, or electro-motive force, in the case of such 
currents is extremely high, while the quantity of electricity 
transmitted is extremely small, so that in order to transmit 
them through any considerable length of wire, the insula- 
tion must be exceedingly good, as otherwise the leakage 
would be so great that no perceptible quantity would reach 
the distant end. It would be quite impossible practically 
to obtain the insulation required for a line of any length, 
but it is quite a different matter for the telegraphs actually"' 
in use, whether the currents are obtained from voltaic 
batteries, or, as is occasionally done, from a small magneto- 
dynamo machine, for in this case a qpnsiderable quantity of 
electricity is transmitted at very low electrical pressure, and 
therefore on the one hand there is comparatively little 
tendency for the electricity to escape, and on the other 
hand, the quantity of electricity being large, a certain 
amount of leakage is comparatively unimportant. 

The difference between the two cases is of very much 
the same character as that between conveying water in 
a pipe three or four feet in diameter, with a pressure 
equivalent to say ten feet of water, and canying it through 
a pipe say an eighth of an inch in diameter, with a pressure 
equivalent to a height of several thousand feet of water. It 
is easy to see that in the second case the pipe would have to 
be enormously stronger than in the first, and that all the 
water would be lost if even a very small leakage took 
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place, while in the first case a considerably greater 
leakage might take place without producing any sensible 
effect. • 

In 1795 Francisco Salva read a paper before the 
Academy of Sciences at Barcelona which is of special 
interest in the history of Telegraphy, not only on account 
of the extent and completeness of his own designs, but 
also as foreshadowing a good deal of what was only carried 
out at a much later date. He suggested, in the first place, 
that instead of twenty-six wires being used, one for each 
letter, six or eight wires only should be employed, each 
charged by a I^yden jar, and that different letters should 
be formed by means of various combinations of signals 
from these. So far this was no advance on what had 
been done before, Lomond having already shown that it 
was possible to convey the signals by means of one wire 
only. He then, however, went on to explain that it would be 
exceedingly difficult to maintain even this number of wires 
if they were all separately suspended from poles, and he 
therefore suggested that they should be separately insu- 
lated, and then rolled together into a single cable, which 
is exactly what is don^ in London at the present day, 

Salva tells us that in his first trials he made a cable 
of this kind by covering the wires with pitch-coated paper, 
or some other dielectric, and then tying them together, and 
binding the whole with paper. 

Salva therefore was the first to make an electric telegraph 
cable. 

He also suggested that this cable should be laid in sub- 
terranean tubes, and that, in order to improve its insulation, 
it might be covered with one or two coats of resin. He 
further pointed out that the intervention of the sea need 
not prevent telegraphic communication between two places, 
for, as he tells us, it is not impossible to construct cables 
imparious to water, and to lay them along the bottom of 

f ft j 
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In the experiments by which Salva illustrated this paper 
he did not adopt his own suggestion of using only six or 
eight wires, but employed seventeen double wires, one for 
each essential letter of the alphabet, those which are little 
used or whose power could be represented by others being 
omitted. Designs representing each of these letters were 
formed by means of a number of separate strips of tin- 
foil pasted on glass, and the .two end strips of each letter 
were attached to the extremities of the corresponding pair 
of wires. A letter was indicated by taking the ends of the 
wires belonging to it and connecting them with the two 
coatings of a charged jar, upon which the observer at the 
distant station saw the letter illuminated by the spark 
passing across the breaks in the tin-foil. It is stated that 
this telegraph was actually employed over a distance of 
about a kilometre, the outgoing wires being all collected in 
one cable of the kind described, and the return wires in 
a second. A number of other attempts were made during 
the end of the last century and the beginning of the 
present one to devise a practically useful system of tele- 
graphic communication by means of frictionally generated 
currents of electricity, and several iip^entors attempted to 
obtain the assistance of the Government in carrying out 
their projects, but they invariably received the stereotyped 
reply that “ telegraphs of any kind other than those now 
in use are entirely unnecessary, as the Government are 
fully satisfied with the Semaphore system.” 

I must not, however, pass from this branch of my subject 
without giving some account of the work of Mr. (afterwards 
Sir Francis) Ronalds, who took up the subject of tele- 
graphy in the year 1816, and published an account of his 
experiments in 1823, in a little volume entitled Descrip- 
tion of an Electrical Telegraphy and of some other Electrical 
Apparatus, of which the portion relating to the telegraph 
was reprinted in 1871. 

Ronalds employed a single wire of brass or copper 
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enclosed in thick glass tubes, and laid in wooden troughs 
lined inside and out with pitch, the different lengths of 
glass tubing being joined together by short over-lapping 
tubes, sealed with wax, in order to exclude moisture. 

The receiving apparatus consisted 
of a circular brass plate. Fig. i8, 
divided into twenty equal parts, 
and rotated by clockwork, at the 
rate of one complete revolution 
per minute ; each division carried a 
figure, a letter, and a preparatory 
sign. The figures were divided 
into two series — each containing 
the numerals from one to ten, and 
the letters were a i ranged alphabetically, leaving out J, Q, 
U, VV, X, 7 . 



In front of this plate was fixed 
a second disc of the same size, 
provided with an aperture as 
shown in Fig. 19, and this disc 
could be turned by hand about 
its centre, which coincided with 
the first disc 

The aperture shown in the 
illustration was of such a size 
as only to allow one letter 
with its corresponding figure 
Fig. 19. and preparatory sign to be 

visible at any one time. An electroscope, consisting of a 
pair of pith-balls attached by means of threads to a metal 
support in connection with the line wire, was suspended in 
front of the latter disc. 

The transmitting apparatus consisted simply of a small 
cylinder electrical machine, the prime conductor of which was 
in connection with the metal conductor from which the pith- 
baO# were suspended, and through that with the line wire. 
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The transmitter and receiver at each station were exactly 
similar. When it was desired to send a message from 
either end, •the outer disc was turned so as to exhibit 
the letter A with its corresponding numeral and pre- 
paratory sign, which, in this case, stood for the word 
“ prepare.” 

The clock was then started, and a signal sent along the wire 
every time that the sign “ prepare ” came opposite to the 
aperture. The person at the receiving station in the mean- 
time adjusted his apparatus so that the letter A was shown 
by his receiver at the moment when the signal “ prepare ” 
was sent through the wire, and, as soon as this had been 
done, he signalled the fact by sending a discharge at the 
moment that the preparatory signal standing for the word 
** ready ” appeared opposite the aperture of his instrument 
In this way the two dials w'ere made to show the same letter 
simultaneously. 

Ronalds drew up a sort of telegraphic code by which 
words, and sometimes even complete sentences, could be * 
transmitted by only three discharges, and, in order to show 
whether letters, figures, or code-figures, referring to words 
and sentences in the dictionary, vjpre intended, certain 
preparatory signs were made beforehand, such as “note- 
letters,” “ note-figures,” “ dictionary.” Whenever a prepara- 
tory sign was to be read instead of a letter or figure, the fact 
was announced by sending an extra strong charge through 
the line, thus causing the pith-balls to diverge more widely 
than usual. In order to obviate the necessity of continually 
watching the instrument at each station, a small Volta 
cannon was provided, consisting of a tube having its open 
end closed by a cork, and containing an explosive mixture 
of oxygen and hydrogen gases. A pair of wires in connec- 
tion with the direct and return wires of the line passed 
through apertures in this tube, and came very close together 
without touching, inside it, so that when a discharge was 
sent through the line from the distant station, the gas was 
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exploded, and, by its report, called the attention of the 
observer at that station. 

The whole apparatus is shown in Fig. 20, being the 
electrical machine, B the pith-ball electroscope, A the 
screen with its orifice, F the Volta pistol, and E the tube 
containing the conducting wires. 



In the work previously referred to, Ronalds proposed 
that telegraph offices should be established throughout the 
kingdom. “Why," he says, “ has no serious trial yet been 
made of the qualifications of so diligent a courier ? and, if 
he should be proved competent to the task, why should not 
our hold counsels at Brighton with their ministers 
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in London? ^Vhy should not our government govern at 
Portsmouth almost as promptly as in Downing Street? 
Why should ^our defaulters escape by the default of our 
foggy climate ? and, since our piteous inamorati are not 
Alphei, why should they add to the torments of absence 
those dilatory torments, pens, ink, paper, and posts ? Let 
us have electrical conversazione offices communicating with 
each other all over the kingdom if we cam*' 

It would have been pretty well impossible to have made a 
more accurate forecast of the part now played by the electric 
telegraph in our daily life. The different residences of her 
Majesty are connected by telegraph wires with the govern- 
ment offices in Downing Street, and ministers can commu- 
nicate with their subordinates, or be recalled upon occasions 
of emergency, from any part of the kingdom or from abroad. 
The telegraph has become one of the most efficient aids to 
the detective police force, and many a time has it happened 
that a thief or a murderer has succeeded in getting into a 
train for some distant sea-port on his way to America or 
elsewhere, only to be stopped on arriving at his destination 
by detectives who had received his exact description by 
telegraph. If the criminal succeeds jn getting out of the 
country, even if he goes as far as the Antipodes, he will 
generally find on arriving there that his description has 
preceded him, and he may not improbably be actually met 
on landing by the local police, who have received by tele- 
graph a complete description of him, together with the name 
of the ship in which he sailed. With regard to the “ piteous 
inamorati,” the post-office officials, if it were not for the 
regulation which compels them to maintain absolute 
reticence about the contents of all telegrams passing 
through their hands, would have amusing and sometimes 
pathetic accounts to give of the numerous messages which 
they have to transmit from love-sick swains and forlorn 
lasses. 

The underground cable employed by Ronalds was not so 
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very different from those which are now in use, though the 
india-rubber and gutta-percha now used as insulators are a 
great improvement on the glass tubes employed by him. 
Ronalds, however, pointed out that pitch and cloth might 
be employed as insulators, as had already been suggested 
by Cavallo ; and tarred tape is still very largely employed, on 
the score of cheapness, where very high insulation is not 
required. 

Ronalds, moreover, pointed out that cast-iron troughs 
might be made as tight as gas pipes if it were considered 
desirable to employ them, and the system of laying insu- 
lated telegraph wires in cast-iron pipes is one which is very 
extensively employed by the Poat Office at the present time 
in London. The tubes are usually laid down under the 
pavement, with openings at intervals, closed by movable 
covers, to enable defective wires to be removed, and new 
ones drawn in when required, without taking up the pipes. 

Ronalds’s remarks regarding the question of preserving 
the wires against malicious injury are so sensible and witty 
as to be worth quoting in full. “To protect the wires,'' he 
says, “from mischievously-disposed persons, let the two 
tubes be buried six feet below the surface of the middle of 
high roads, and let each tube take a different route to arrive 
at the same place. Could any number of rogues then open 
trenches six feet deep in two or more public high roads or 
streets, and get through two or more strong cast-iron 
troughs in a less space of lime than forty minutes? For 
we shall presently see that they would be detected before 
the expiration of that time. If they could, render their 
difficulties greater by cutting the trench deeper, and should 
they still succeed in breaking the communication by these 
means, hang them if you can catch them, damn them if 
you cannot, and mend it immediately in both cases. 
Should mischievous devils from the subterranean regions 
attack my wire, condemn the houses belonging thereunto, 
which cannot easily escape detection by running away." 
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Ronalds proposed, moreover, in order that any breakage, 
whether accidental or otherwise, in the line might be 
immediately, detected, to keep the line wire constantly 
chaigcd with electricity, and to have certain testing stations 
established at convenient positions along the line, at which 
tests should be made at short intervals. This idea is 
almost exactly carried out in the telegraphs of the present 
day, except that Voltaic batteries are used instead of 
frictional machines to supply the current, and it is unneces- 
sary always to keep the battery in circuit, the current only 
having to be turned on while the test is actually being 
made. 

I must make one more quotation from Ronalds's work, 
as it shows that his insight into electrical phenomena 
enabled him to forecast a difficulty in the transmission of 
signals through long underground cables which no one else 
seems to have thought of — a difficulty which, in the early 
days of submarine telegraphy, proved to be a formidable 
obstacle in the way of the rapid transmission of signals 
through long submerged cables, and which was first 
explained with the aid of mathematical analysis by Sir W. 
Thomson, and practically remedied b^ the beautiful signal- 
ling apparatus which he devised in accordance with the 
requirements indicated by theory. 

Ronalds’s statement is as follows : — “ That objection 
which has seemed to most of those with whom I have con- 
versed on the subject the least obvious, appears to me the 
most important, therefore I begin with it, \iz., the prob- 
ability that the electrical compensation which would take 
place in a w’ire enclosed in glass lubes of many miles in 
length (the wire acting, as it were, like the interior coating 
of a battery) might amount to the retention of a charge, or, 
at least, might destroy the suddenness of a discharge, or in 
other words, it might arrive at such a degree as to retain 
the charge with more or less force, even although the wire 
were brought into contact with the earth.** 


7 
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Ronalds completely proved the practicability of his plan, 
not only on the short underground line which I have 
described, but also upon an overhead line some eight miles 
in length, constructed by carrying a telegraph wire back- 
wards and forwards over a wooden framework erected in his 
garden at Hammersmith; and although, when the electro- 
magnetic telegraph came into use, he freely admitted the 
great superiority of electro-magnetism for telegraphic pur- 
poses, yet he maintained to the last that if his own system 
had been tried on a large scale it would have been a 
practicable one, even for lines of many miles in length. 

The first attempt to employ Voltaic electricity in tele- 
graphy was made by Don Francisco Salva, whose frictional 
telegraph has already been referred to. On the 14th of 
May, 1800, Salva read a paper on “Galvanism and its 
application to Telegraphy before the Academy of Sciences 
at Barcelona, in which he described a number of experi- 
ments which he had made in telegraphing over a line some 
310 metres in length. In these experiments he made use 
of Galvani’s discovery of the convulsions produced in a 
frog*s leg by means of electrical discharges, the motion of 
the frog’s leg being employed to indicate the signals. In 
the course of these experiments, Salva discovered that the 
frogs at the distant station were sometimes thrown into con- 
vulsions, even when no frictional discharge was passing 
along the line, and he soon found that this was due to the 
slight Voltaic current generated by the contact between the 
frogs and the conducting wires at the sending station. This 
appears to have been the first discovery of the fact that the 
Voltaic current might be employed for the transmission of 
messages. 

Salva continued his experiments in this direction, obtain- 
ing the electricity from a large number of frogs, and a few 
years later he applied the then recent discovery of the 
Voltaic pile to the same purpose, the liberation of bubbles 
of gas by the decomposition of water at the receiving 
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station being the method adopted for indicating the passage 
of the signals. 

A telegraph of a very similar character was devised by 
Sommering, and described in a paper communicated by the 
inventor to the Munich Academy of Sciences in 1809. 
Sommering used a set of thirty-five wires corresponding to 
the twenty-five letters of the German alphabet and the ten 
numerals. 

These wires were connected to thirty-five gold points or 
pins which passed up through the bottom of a trough of 
water, and the letters and figures weie indicated by connect- 
ing the terminals of the Voltaic pile to different pairs of 
wires, when bubbles of oxygen and hydrogen respectively 
were evolved from the corresponding gold terminals. 

In order to attract attention at the distant station, 
the gas rising in bubbles from two contiguous pins 
was allowed to collect under an inverted glass cup 
attached to the end of a long lever, and this lever, 
rising as the gas was liberated, caused a second lever 
to descend and throw off a small leaden ball resting upon 
it, which in falling set the clockwork of an ordinary 
alarum in motion. # 

Oersted’s discovery of the action of the electric current 
upon a suspended magnetic needle provided a new and 
much more hopeful method of applying the electric current 
to telegraphy. The great French astronomer Laplace 
appears to have been the first to suggest this application 
of Oersted’s discovery, and he was followed shortly after- 
wards by Ampere, who in the year 1820 read a paper 
before the Paris Academy of Sciences, in the course of 
which he sketched out the plan of a telegraph in which 
the signals were to be indicated by small magnets placed 
under the wires. 

In 1829 Professor Fechner, of Leipzig, pointed out that 
the efifcct at the distant station might be increased by 
enclosing the needles in coils consisting of many turns of 
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wire, as Schweigger had already done in constructing his 
gaU a nometer. 

In the following year Professor Ritchie, oi the Royal 
Institution of London, adopted this suggestion and exhi- 
bited a model telegraph in which twenty-six separate circuits 
were employed with twenty-six suspended magnetic needles, 
each surrounded by a coil of wire. A much more practical 
form of telegraph was invented soon after this by Baron 
Pawel Lwowitch Schilling. Baron Schillings attention 
was first directed to telegraphy by seeing Sommering’s 
telegraph in action in 1810 at Munich, Schilling being 
one of the attache's of the Russian Embassy at that place. 
Schilling’s first electrical experiments were directed to 
the use of electricity for the purposes of war, and consisted 
of attempts to provide telegraphic communication between 
fortified places, and to explode powder mines at a distance 
by means of electric discharges carried through insulated 
wires laid under ground or under water. 

The final form of Schilling’s telegraph required a single 
metallic circuit only, consisting of a direct and return 
wire. The sending instrument w'as simply a key to make 
and break contact, ou to reverse the current through the 
line. The receiving instrument consisted of a galvanometer 
formed of a magnetised needle, suspended, by means of 
a silk fibre, within a coil of wire in circuit with the line, 
the motions of the needle being indicated by means ol 
a small disc of paper attached to the suspended fibre 
parallel to the needle, and painted white on one side and 
black on the other. In this way either the white or the 
black face was brought opposite the observer, according 
to the direction in which the current was sent through 
the line, and the different letters and other signs were 
indicated by means of various combinations of these two 
primary signals, for example, writing W for white and B 
for black; the vowels were indicated by the following 
combinations — A « bw, E » b, I - bb, O » bwb, U - wwb. 
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The first bi-signal alphabet is popularly supposed to have 
been devised by Morse, but as a matter of fact such 
alphabets were employed for signalling purposes as far 
back as the times of the ancient Greeks and Romans, 
the signals consisting generally either of sounds, or signs 
visible at a distance. Schilling’s device for attracting 
the attention of the observer at the distant station was 
very similar to that of Sommering, upon which it was 
founded. The silk fibre by which the needle was sus- 
pended was replaced by a rigid metal wire carrying a 
horizontal metal arm, and when the needle was deflected 
by the current this arm struck against a delicately-balanced 
lever, and caused a leaden ball resting on it to fall upon 
a second lever and set a clockwork alarum in motion, 
as in Sommering’s instrument Schilling’s telegraph is of 
special interest owing to its being the prototype of the 
modern needle telegraph instrument, and also because 
it was the immediate cause of the electric telegraph being 
introduced into England. 

In 1883 a telegraph was constructed by Gauss and 
Weber at Gottingen for transmitting signals between their 
magnetic observatory and the physical laboratory of the 
University. This telegraph is principally of interest on 
account of the simple and ingenious method employed 
for increasing the sensibility of the receiving instrument, 
the plan being the same that was afterwards adopted 
by Sir W. Thomson in his “ Mirror ” galvanometer. 

The current was generated by an ordinary voltaic battery 
until the year 1835, after which a magneto-electric machine, 
made by Steinheil, was employed. The current produced 
by the magneto machine was made to deflect a large 
suspended magnet weighing about 100 pounds, and as the 
deflections of this magnet were exceedingly small, they 
were observed by attaching a mirror to the magnet, and the 
deflections were read by placing, at a distance of ten or 
twelve feet, a telescope, at the top of which was fixed a 
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horizontal scale, the reflection of the scale in the mirror 
attached to the magnet being read oflf through the telescope. 
A “ bi-signal ” alphabet very similar to that o^ Schilling’s 
was employed. The primary signals consisted of deflections 
of the magnet and mirror to the right and left respectively. 
Some kind of alarum was employed in connection with this 
telegraph, but the details of its construction have not been 
preserved. 

Gauss believed that this telegraph was capable of being 
brought into a practical form suitable for general telegraphic 
purposes, but not being able to spare time from his scientific 
investigations to devote himself to the practical working out 
of the subject, he invited Steinheil to take it up, and this 
inventor introduced a number of modifications w’hich vastly 
improved the original instruments of Gauss and Weber. In 
order to provide the current Steinheil employed a magneto- 
generator, consisting of a permanent compound magnet 
built up of seventeen horse-shoe bars of magnetised steel, 
with a pair of coils, consisting of fifteen thousand turns of 
fine silk-covered wire, which were made to rotate between 
the poles, a commutator being provided to make the current 
continuous in directiop. The coils were set in motion by 
means of a fly-bar terminating in two metal balls attached at 
right angles to the axis, about which they rotated. The 
receiving instrument consisted of a pair of magnets, to 
which were attached two cups, terminating below in fine 
perforated beaks, and filled with printing ink, so that each 
time the magnets, with the cups attached to them, were 
depressed, a dot was made upon a strip of paper carried 
under the cups by means of clockwork. The connections 
were made in such a manner that one of these magnets was 
depressed when the fly-bar made half a turn from right to 
left, and the other one when it made half a turn from left 
to right In some of Steinhcil’s receiving instruments the 
magnets, instead of Ijeing provided with cups, were made to 
strike two belb of different tones, so that Steinheil was 
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the original inventor both of “ printing telegraphs ” and of 
“ sounder receivers.” 

In the year 1838 Steinheil made, accidentally, the very 
important discovery that the return wire might be dispensed 
with, and the earth used to complete the circuit, so that 
only a single wire was necessary in order to effect 
communication between two stations. 

Gauss had suggested that the two rails of a railway line 
might be employed as the conductors of a telegraph line, 
and in July 1838, Steinheil tried the experiment on the 
railway between Nuremberg and Fiirth, but he was unable 
to insulate the rails sufficiently to transmit the current 

In making these experiments the great conducting power 
of the earth impressed itself forcibly upon his mind, and 
suggested to him that it might possibly be employed instead 
of the return wire, and he lost no time in putting the idea 
to the test of experiment. It was perfectly successful, and 
formed one of the greatest improvements in electric 
telegraphy, owing to the great reduction which it effected 
in the cost of erecting telegraph lines. 

The next important step in the development of the 
electric telegraph was made by ari Englishman, Edward 
Davy. It would take up too much space to give a detailed 
description of Davy’s telegraph, as his system was developed 
without any knowledge of what other workers in the same 
field had been doing, and was consequently one of 
considerable complication. Two of his inventions, however, 
must not be passed over without notice — viz., the “ Relay ” 
and the ** Chemical Recording Telegraph,” as they form 
important landmarks in the story of the telegraph. 

The principle of the “ Relay,” or, as Davy called it, the 
“ Electrical Renewcr,” though extremely simple, is one of 
very great importance, as it greatly reduced the difficulties 
incidental to long distance telegraphy. The object of the 
relay is to obviate the necessity of using very large currents 
to compensate for the leakage inevitable in the case of long 
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lines. The principle of the method consists in breaking up 
a long circuit between two distant stations into a series of 
shorter circuits, each complete in itself. Between each of 
these circuits is placed a relay, which is simply an apparatus, 
which, when a signal is sent from the transmitting station, 
makes connection between the next circuit beyond it and a 
local battery, and thus automatically carries on the signal. 

In Davy’s first relay the further end of the first line wire 
terminated in a rectangular figure of 8 coil fixed in a 
horizontal position. Within each coil was placed a needle, 
balanced upon a horizontal axis, and stops were placed to 
prevent each of the needles from moving, except in one 
direction. When a current was sent through the line, one 
or other of the needles w*as deflected, according to the 
direction of the current. The lower end of each needle 
carried a cross piece of copper wire, with its ends turned 
downwards. One of these end> was alw’ays immersed in a 
cup of mercury, which was in connection with one of the 
terminals of a galvanic battery, and the other end was made 
to dip into a second mercury cup whenever the needle was 
deflected by a current through the coil. 'I'his second cup 
formed one of the terminals of the next circuit, which was 
in this manner put in connection with the battery. 

In Davy’s chemical recording telegraph, a strip of calico 
impregnated with Iodide of Potassium and Chloride of 
Lime passed over a copper cylinder, and w’as carried 
onw'ards when the cylinder revolved. Wlien a signal was 
sent from the transmitting station, a metallic contact piece, 
forming one of the terminals of the line, was made to press 
against the calico, which completed the circuit through the 
latter and the metallic cylinder over which it passed. 
Every time thit a current was sent through the calico a 
mark was made upon it by the chemical decomposition of 
the salts with which it was impregnated, thus giving a 
permanent record of the signal The metal cylinder was 
not made to revolve continuously, but, by means of a 
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mechanism set in motion by the transmitting current, it 
was made to advance through a certain space after the 
transmission of every signal. 

In the year 1834, Professor Wheatstone, a physicist of 
great eminence, was engaged in researches on the velocity 
of electric waves in solid conductors, and these experiments 
appear to have first directed his attention to the subject 
of electric telegraphy, in the development of which he 
played an important part. Very shortly after Wheatstone 
turned his attention to the subject of telegraphy, he 
associated with himself a Mr. Cooke, who had already been 
engaged in the construction of telegraph lines for railway 
purposes. Henceforth the two inventors worked together, 
and their labours are of special interest and importance, not 
only on account of the actual improvements which they 
effected, but because they were the first to establish the 
telegraph for practical purposes on a comparatively large 
scale, thus bringing it into much closer touch with the 
public than while it was confined to laboratory experiments, 
or to effecting scientific communications on a small scale, 
as in the case of Gauss and Weber’s telegraph perfected by 
Steinheil. The first joint invention of Wheatstone and 
Cooke consisted of a telegraph with five indicators and as 
many line wires. Its details were very carefully worked 
out, but practically it was inferior to that of Steinheil, and 
though it had a fair trial on the Great Western, and on the 
London and Birmingham Railways, it had to be given up 
on account of its heavy exj>ense, due to the large number 
of line wires employed. 

Wheatstone was the first to contrive a really practical 
alarum for calling the attention of the observer at the 
receiving station. The arrangement of this instrument is 
shown in Fig. 21. It consisted of a clockwork alarum, 
previously wound up, and prevented from running down by 
means of a toothed wheel* n resting against a lever /, the 
lower end V of which was made of soft iron, and formed 
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the armature of the electro-magnet U. When a current 
was sent through the coil U the armature V was attracted, 
releasing the wheel and allowing the bell of the alarum to 
ring. The electro-magnet was placed in circuit with the 
line in the manner indicated in the diagram, where i and 
2 are the direct and return wires of the line, K is a battery, 
and s is a key consisting of two metal springs <7, 
separated by a strip of ivory, the lower one b being 
mounted on a block of wood. The circuit was completed, 
and the alarum set in motion, by depressing the spring a so 



as to bring it in contact with b. Wheatstone, like Davy, 
experienced the difficulty of the weakening of the current 
by the resistance of the line and apparatus, and by leakage, 
due to imperfect insulation, and he remedied it in a similar 
manner by means of a relay which introduced a local 
battery into the circuit 

Another inventor whose name is now well known in 
telegraphy was Morse, an American artist, who is said to 
have first conceived the idea of an electro-chemical telegraph 
in the year 1832 whilst on his homeward voyage from 
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Europe. He received considerable assistance in his first 
attempts in this direction, and also in his subsequent 
experiments; from a fellow-passenger — Dr. Jackson, of 
Boston — who had a considerable acquaintance with elec- 
tricity and chemistry, and who had seen a good many 
experiments in telegraphy carried out in Paris. In the 
first apparatus constructed by Morse, the signals were 
recorded by passing the current, by means of platinum 
contact points, through paper moistened with acetate or 
carbonate of lead ; or impregnated with turmeric, and 
moistened with a solution of sulphate of soda. 

The subject of electric telegraphy had by this time 
attracted the attention of numerous scientific and practical 
men, but space will not allow of my discussing in detail 
their various contributions to the subject ; I will therefore 
conclude the story of the telegraph at this point, reserving 
for the next chapter the description of the more important 
telegraphic apparatus now in use. 
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Wheatstone and Cooke's Sinf^le Needle Teles^raph . — In this 
instrument the letters of the alphabet are indicated by 

motions to right or left 


of a small pointer or 
needle capable of moving 
a short distance between 
two fixed stops. The 
pointer, vith its dial and 
the signs corresponding 
to each letter, is shown in 
Fig. 22; the two stops are 
shown in the diagram on 
either side of the upper 
portion of the needle. In 
the first instrument made 
by Wliealstone and Cooke 
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five needles or pointers were employed, which were after- 
wards reduced 10 two, and finally to one. A few double- 
needle instruments are still in use on some of our railways, 
but they are rapidly being replaced by single-needle instru- 
ments, which are much more convenient. 

The construction of the single-needle instrument is 
shown in the accompanying diagrams Fig. 23 shows a 
front view of the instrument with the cover and dial 
removed. Fig. 24 shows a side view of the interior, and 
Fig. 25 shows a horizontal section of the commutator, or 
sending arrangement. Corresponding parts are indicated 
by the same letters in all the three diagrams. 
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The upper portion of the apparatus, marked A in Fig 
23, IS the receiver. It is formed of two ivory bobbins, 



Fig. 25. 

wound with fine, silk-covered wire, and placed on opposite 
Bides of a small magnetic needle attached to the pointer 
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of the dial, and free to move within the bobbins to the 
right or left until arrested by the stops ; one end of each 
bobbin is connected to the line, and the other to the earth. 

The signals are given by passing a current through the 
coils by means of a battery at the sending station, or from 
a local battery, the circuit of which is closed by a relay 
actuated from the sending station. 

The \\ire from the copper pole of the battery is attached 
to the binding screw C, and that from the negative or zinc 
pole to the binding screw Z ; the binding screws A and B 
are connected with the line and with the earth respectively. 
The axle DF of the commutator is made in two parts — 
D and F, of gun-metal, separated by some insulating sub- 
stance, boxwood being the one most generally employed. 
D is connected by a wire to C, and F to Z. 

A steel spring p is connected by means of a brass bar 

through the coils and the receiver, to the terminal A ; 
and a second steel spring p* is connected by means of the 
brass bar b' with the terminal B. 

When the needle is in its normal or vertical position 
these two springs rest against a projecting pin shown in 
the diagram, and thereby maintain the continuity of the 
line. * 

From the upper sid\of the gun-metal F, and from the 
lower side of the gun-metal D, project two metallic pins 
m, m. When the handle is in its normal position the pin 
m remains between the springs / and p\ without touching 
either ; and the pin tn similarly remains between the brass 
bars b and b\ without touching them. 

When the handle is moved to the left, the pin ni comes 
in contact with the brass bar by and is therefore connected 
through the spring p with the terminal A, connecting the 
positive pole of the battery to the line-wire ; at the same 
time the pin m is made to press against the spring p\ and 
therefore connects it, through the brass bar b\ with the ter- 
minal B, connecting the negative pole of the battery to the 



OVEkLAND Telegraphs, 


III 


earth ; and a current is therefore sent round the line-wire in 
a certain direction and deflects the needle. If the handle 
is turned to the right, m' comes in contact with and con- 
nects the positive pole of the battery to earth, while m is 
pressed against /, and connects the negative pole with the 
line ; so that a current will be sent round the line in the 
direction opposite to the former one, and the needle will 
be again deflected. If the first current deflected it to the 
right it will now turn to the left, and vice versd. 

In the needle-instrument the signals are discerned by 
means of the eye. Audible signals are now very largely 
used in place of visual ones, an instrument called a sounder 
being most generally used ; but a pair of bells, giving two 
distinct tones, are sometimes employed. 

The Sounder, 

— The sounder 
in general use 
in this country 
is shown in 
Fjg. 26. E is 
an electro- 
magnet formed 
of an upright 
rod of soft iron 
surrounded by 
a coil of silk- ^,_ 



covered wire, 26. 

with an outer covering of india-rubber, or some other 
substance, to protect it from injury. The ends of this 
coil are connected through a pair of terminals attached 
to a wooden base — one only of which is shown in the 
diagram — to the line-wire and to the earth respectively. 
The armature of the electro-magnet consists of a bar of 
soft iron movable about a horizontal axis between two 
stops, a and b. 

When the circuit is open the armature is pressed up 
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against the stops by means of the spring the tension of 
which may be varied at pleasure, according to the strength 
of the current in the line-wire, by means of the adjusting 
screw shown in the diagram. When the ciicuit is closed, by 
means of a key at the transmitting station, a current is sent 
through the coil of the electro magnet, which magncti^cs it 
as long as the current is passing, and therefore pulls down 
the armature against the stop b. The sounds are made by 
the armature striking against the stops; and the letters of 
the alphabet are denoted by various combinations of long 
and short signals respectively, known as dots and dashes, 
separated by intervals of silence, or spaces. The dots are 
formed by giving a sharp stroke to the key ; the dashes, by 
depressing it more slowly. 

It is evident that considerable practice would be required 
before an operator would be able to transmit or to read off 
signals of this kind satisfactorily, but practised operators 
are able to transmit and receive messages by means of this 
instrument with extraordinary rapidity. 

In the system of signals employed, a dash is considered to 
be equal to three dots, and there are three kinds of spaces 
employed —viz., a space equal to one dot between the 
different elements of I letter, a space equal to three dots 
between the different letters of a word, and a space ecjual to 
six dots between two words. The letters E and F being 
those mostly used, are represented by a single dot, and a 
single dash respectively, and the other letters, nunferals, 
and stops are formed ot combinations of these. 

The key employed in sending the message is shown in 
its simplest form in Fig. 27. It consists of a brass lever K 
in permanent connection with the line-wire, and movable 
about a horizontal brass axle fixed upon an insulating 
support of wood or ebonite. It is maintained in its normal 
position, viz., in contact with the stop 3, by means of a 
spring, not shown in the figure, and thus keeps the line- 
wire in connection with the earth. 
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When the key is depressed 2 is brought into contact 
with I, and the current from the battery, shown in the 
diagram by fhe ordinary conventional sign, consisting of a 
series of long thin lines and short thick ones parallel to 
each other, is sent through the line. 



It is evident that the duration of the current will depend 
upon the length of contact, and, to use an illustration due to 
Mr. Preece, dots or dashes can be sent by striking the key 
exactly as one would the keys of a piano in order to 
produce crotchets or quavers respectively. Another form 
of sounder, which is extensively used in America on 
railways, and in other places where external noises are 
liable to interfere with the sound of the instrument, is 
shown in Fig. 28. This instrument has a very heavy 
armature lever, and the downward stroke of the armature 

8 
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takes effect upon an arc or bridge, as shown in the illus- 
tration, thus considerably increasing the \olume of the 
sound. 



When the line is of any great length, tiie mipcrfect 
insulation will make the current too weak to work a 
sounder without the use of a relay, the principle of which 
was described in the last chapter. 
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In its present form it consists simply of a more delicate 
form of electro-magnet than the one employed in a 
sounder. If is wound with a very large number of turns 
of fine wire, so as to enable the weak current to produce as 
great a magnetising effect as possible upon the core, and its 
parts are very delicately constructed, so that a very small 
force is sufficient to move it. In the simplest forms of 
relay the armature is of soft iron, just like that of the 
electro-magnet of the Morse sounder: these instruments 
are called non-polarised rela)S to distinguish them from 
polarised relays, in which the armatures are either per- 
manent magnets, or are maintained in a magnetised 



Fig 29 


condition by means of permanent magnets fixed in their 
immediate neighbourhood. Polarised relays are affected 
by the direction of the current, and they can be made 
much more sensitive than the non-polarised ones. For this 
reason the latter instruments are very seldom used in this 
country. 

Tke ^^orse Ink-W'riier. This is an instrument of an 
entirely different type from the needle telegraph and the 
sounder, in that it gives a permanent record of the 
messages sent. A general view of one of these instruments 
is shown in Fig. 29, and the electrical portion of the 
apparatus is shown diagramnntically in Fig. 30. 
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E is an electro-magnet, of the same character as that 
employed in the sounder, and is worked in a similar 
manner, by means of a key from the transmuting station. 
F is a soft iron armature attached to the lever/ movable 
about a horizontal axis, as shown in tlie diagram. When no 
current is passing through the apparatus, the lever / is kept 
pressed against the stop 2 by means of the spring S, the 
tension of which can be regulated by the screw C. The 
further extremity of the lever carries a small disc I, mov- 
able about a horizontal axis, and dipping into a reservoir of 



ink. 7 'hc paper is carried through the apparatus by means 
of an ordinary clockwork arrangement, in the direction 
shown in Fig. 29, and this clockwork also keeps the disc I 
in rotation, and thus insures its being kept wetted with ink. 

When a current is sent through the apparatus from the 
line, the armature F is attracted towards the electro-magnet 
until the lever /strikes against the stop 3, causing the disc I 
to come in contact with the paper and record a dot or a 
dash, according to the time during which the transmitting 
key is depressed. The play of the lever /can be adjusted 
by means of the screws A and B, and the screw G serves to 
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adjust the position of the inking disc 1 , while the attractive 
force between the armature and the electro-magnet E can 
be varied b^ raising or lowering the coils by means of the 
screw D. 

JV/ifats tone’s ABC Instrument.- -This instrument is a 
very good type of a considerable number of telegraph 
instruments, in which the signals are recorded by means 
of a pointer moving round a dial on which the letters of 
the alphabet are marked. Siemens, Breguet, and others 
have invented instruments of a similar character, but 
Wheatstone’s is the form usually employed in England. 

An A B C tele- a 


graph is very suit- 
able for use on 
private wires, where 
great rapidity is not 
requisite, as it can 
be worked by any 
person of ordinary 
intelligence without 
previous practice. 
Eig. 31 g^ves a 
general view of the 
instrument. 

When the handle 
shown in front is 
rotated, a soft iron 
armature is made 
to spin in front of 
a pair of coils sur- 
rounding the poles 
of a horse-shoe 
magnet, thereby 
generating at each 
revolution four cur- 
rents in alternate 



Fig- 31- 
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directions through the coils, and by means of suitable 
mechanism each current is made to move the pointer 
through one space. In order to indicate any letter, the key 
opposite to the required letter on the lower dial is depressed, 
and the handle turned until the pointer / comes opposite 
to that letter. 

When this takes place p is prevented from turning fur- 
ther, and at the same time the currents, instead of going 
into the line wire, are cut off, so that /, and the pointer p' 
on the indicating dial at the receiving station, remain 
pointing to the same letter. 

Hughes^ Type-Friniifii^ I'ele^raph . — A good many instru- 
ments, some of exceeding ingenuity, have been devised, in 
which the message is directly printed off in ordinary type, 
just as if it had been done by means of one of the type- 
writers now in general use. The only one of these that has 
been employed to any considerable extent in Europe is that 
of Hughes, a general view of which is shown in Fig. 32. 
The instruments at the traubinitting and receiving stations 
are exactly similar, and are made to move in periect syn- 
chronism ; and each letter is registered by means of a single 
current of short duration, which at the right moment brings 
a strip of pai>er, carrieB underneath the type- wheel, in con- 
tact with the wheel a, at the edge of which arc placed the 
letters of the alphabet, so that the required letter is printed 
upon the strip as the type-wheel is made to revolve by 
means of suitable mechanism. The messages are sent by 
depressing a series of keys marked with the different letters 
and numerals, as shown in the illustration. 

When a key is depressed it raises a pin, and this pin 
catches the chariot A, which rotates the type-wheel, and 
sends a current to the distant station, causing the paper at 
both stations to be pressed up against the type-wheel at the 
same moment 

The Wheatstone Automatic Telegraph . — With the instru- 
ments previously described the signals liave to be 
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transmitted directly through the line by means of an 
instrument worked by hand, and the greatest speed 
attainable does not exceed thirty or thirty-fiye words per 
minute. In addition to this, an operator working for some 
hours at his maximum speed will naturally become tired, 
and therefore not only will the speed at which he can work 
be gradually reduced, but errors are very likely to be made. 
Now Morse signals can be sent along a line and recorded 
by an ink writer at a very much greater rate than any clerk 
can send by hand ; hence many attempts have been made 
to devise some means of transmitting messages automatically, 
and the system most generally employed in England is that 
invented by AVheatstone. 

Wheatstone’s automatic telegraph consists of three distinct 
parts — viz., a perforator, which prepares the message by 
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It will be seen that there are three keys in the front 
portion of the apparatus, and each time that one of these 
keys is struck it actuates a mechanism which causes a paper 
ribbon to move forward through a definite space, and at the 
same time actuates one or more of a series of five punches, 
shown at i, 2, 3, 4, 5, in Fig. 34. When the left-hand key 



is struck it causes the punches i, 2, and 3 to perforate the 
pajxjr, punching out three clean round holes in a vertical 
line ; the centre key actuates the punch 2 only, making a 
single hole, while the right-hand key depresses the four 
punches 1, 2, 4, and 5. The punches are usually struck 
with small wooden mallets held in the hands. The series of 
holes made by the left-hand key corresponds to a dot, the 
single hole made by the centre key to a space, and the set 
of four holes made by the right-hand key to a dash. The 
holes made by the centre key are in the centre of the ribbon, 
as shown in Fig. 34, and they are smaller than the upper 
and lower holes. 

A small toothed star-wheel, which turns through a definite 
sjxice when a key is depressed, fits into these holes, and 
moves the paper a step onwards at each depression. It w^ 
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be seen that for each dash two cential holes are punched, 
so that the paper will mo\e twice as far for a dash as for a 
dot. Fig. 35 shows a strip of paj)er thus prepared to 
indicate the word “ Pans,’* by means of dots and dashes, as 
shown on the lower part of the strip in the diagram. 

The transmitter is a very complicated piece of apparatus, 
which is made to send a scries of currents in opposite 
directions into the line under ihe control of the punched 
paper. The strip of jwper is carried through the instrument 
by means of the star-wheel working into the central row of 
holes, and two vertical rods arc pressed upwards against the 
ribbon by means of springs, and are placed in such jxisitions 
that they will enter the two outside scries of hoks as they 
pass above them. The rods work a disc which acts as a 
commutator, each entry of the rod into a hole on one side 
of the ribbon sending a current through the line in one 
direction, and each entry of the rod into a hole on the 
other side of the ribbon sending a current in the reverse 
direction. The punching which corresponds to a dash 
reverses the current after an interv'al twice as long as when 
the holes punched correspond to a dot. If there were no 
paper in the instrument the rods would move up and 
down alternately. I 

When one of the rods has entered a hole, as the instru- 
ment continues to move it is drawn out, and the paper 
moved on either through one or two .s|>accs, according to 
whether a dot or a dash is to be sent when the other rod 
next enters a hole. 

This transmitter will work at a speed of 450 wotds a 
minute on a short line, but more slowly over a long line, 
owing to the wire becoming charged very much like a 
Leyden jar. The amount of this clcctro-stalic charge 
depends on the length and surface of the wire and its 
distance from the earth, as well as on the nature of the 
insulating material, whether simply air, or partly india- 
rubber or gutta-percha, which separates it from the earth. 
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The result of a portion of the current bcini^ absorbed in 
producing this electro-static charge is that a momentary 
current, suoh as would be produced by simply touching the 
key and raising the finger immediately, would produce little 
or no effect at the further end of a long telegraph line, and 
therefore the instrument has to be worked more slowly as 
the line increases in length. 

The receiver employed with the automatic transmitter is 
simply a Morse ink-writer of a more delicate and sensitive 
character than the one already described. With a Wheat- 
stone automatic instrument a number of clerks can be 
employed to punch strips corresponding to the messages, 
and these can be run rapidly one after the other through 
the transmitter, thus greatly reducing the number of lines 
necessary between two places where the traffic is heavy. 

Another way in which the capacity of a line can be 
increased consists in employing an arrangement by means 
of which two or more sets of messages can be sent simul- 
taneously in opposite directions along tl'.e same wire without 
interfering with each other. I'he arrangement adopted for 
sending two messages simultaneously is called duplexing the 
line, and it will be of interest to describe briefly one among 
the various methods by which this if effected. 



Fig. 36 

Duplex TtU^raphy . — Let two stations, A and B, be con- 
nected together, as shown in Fig, 36, in which P, V re- 
present receiving instruments, or relays working receiving 
instruments, and K, K’ are the transmitting keys at the two 
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stations It will be seen that the line is carried from the 
earth, E, through an adjustable resistance, R, along the 
path, r, a, (7, to a second adjustable resistance, R', 

connected with the earth at E'. The resistances R and R' 
are made equal to that of the line at the time of working. 
a C and a c are two fixed resistances equal to each other, as 
also are b C and b if. 

The line is earth connected at a and b^ by means of the 
keys K and K', either directly, or through the corresponding 
batter)', according as the key is in its normal position, or is 
depressed. When the key K is depressed, a current is sent 
from the battery through the point a where the line divides, 
part going along the line a C C b (f, and to earth at E\ 
while the other part goes to earth at E by the path a clL. 
Since the resistance of C is equal to that of a <r, the electro- 
motive force produced at <?, by means of the battery, will 
produce the same potential at the points C and and 
therefore no current will flow along the path C P so that 
the instruments at P will not be affected by any motions of 
the key K, which, however, will affect the instruments at P'. 
In the same way the current sent from 13, by means of the 
key K', will affect the instruments at P, but will have no 
effect upon those at P'l 

Not very long after Duplex Telegraphy was first intro- 
duced by Gintl, of Vienna, it was extended by Edison so as 
to enable two sets of signals to be sent simultaneously in 
opposite directions, forming what is known as “ Quadruplex 
Telegraphy.” 

This was still further developed by Delany into the 
system of “ Multiplex Telegraphy,” by which three or more 
sets of messages can be sent at the same time in opposite 
directions along a single wire. 

The Writing Telegraph , — I must not conclude the de- 
scription of modem telegraphic apparatus without mention- 
ing a very interesting telegraphic instrument of recent 
invention — viz., the Writing Telegraph of Mr. J. H. 
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Robertson. By means of this instrument a message 
written by an operator at the sending station on a slip of 
paper, carri^ along at a uniform rate by means of clock- 
work, is reproduced in facsimile at the receiving station. 
This was not the first writing telegraph, as one of a 
somewhat similar character was invented by Mr. E. 
A. Cowper; but Cowperis was not a form suitable for 
practical use. Robertson's instrument, on the contrary, 
can be, and is actually, employed for practical purposes in 
America, though hitherto the post office monopoly has 
prevented its use in this country. It requires two circuits 
for each pair of instruments, or the equivalent of two 
circuits — viz., a single circuit duplexed 

The transmitter of the writing telegraph, shown in Fig. 
37, consists of two piles of discs of 
exceedingly fine compressed carbon, 
placed with their axes at right 
angles, and each pile is provided 
with a screw for regulating the 
[)ressure between the discs. The 
two piles form portions of the two 
circuits required to connect the 
transmitting with the receiving® 
station, one pile being contained 
in each circuit. 

The transmitting pen consists ot 
a rod, shown in the diagram, which 
is pivoted at its lower eud between 
the two piles, and is provided with 
pressure [X>ints, which exert a vary- 
ing pressure upon one end of each 
pile of discs when the rod is moved 
about in any manner. The motions 
of this rod are effected by means 
of the stylus pivoted to its upper 
extremity. Fig 37. 
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When the instrument is put together ready for use, the 
rod passes through a small square hole in the top of the 
case, and the operator writes by moving this stylus just as 
he would a pen. 

As the pressure points of the transmitting-rod press more 
strongly against either pile of carbon discs, the contact 
between the separate discs in that pile is improved, 
and therefore the electrical resistance of the correspond- 
ing circuit is diminished, and the current in it therefore 
increased. 

The receiving apparatus consists of a pair of electro- 
magnets arranged at right angles to each other, as shown 
in Fig. 38. The armatures of these magnets are attached 

to a rod, pivoted at 
its lower extremity 
between the adjacent 
poles of the electro- 
magnets, as shown in 
the diagram. The 
pen of the receiver is 
similar in principle to 
the well-known stylo- 
graphic pen, and is 
attached, as shown, to 
the upper extremity 
of the armature rod. 
rhe coils of one of 
the electro magnets of 
the receiver form a 
portion of the cir- 
Fig. 38. cuit containing one 

of the sets of carbon discs, while the coils of the 
second electro-magnet are included in the circuit con- 
taining the other pile of discs. As the transmitting 
stylus is moved, the resulting continuous variation in the 
strength of the currents in the two circuits causes a 
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corresponding continuous variation in the attraction exerted 
l)y the two electro-magnets respectively upon their common 
armature, a»ad in this manner the rod carrying the pen 
is made to move in a path exactly similar to that of the 
transmitting rod. 

In the original form of the instrument the pen by which 
the message was written at the transmitting station was 
rigidly attached to the transmitting stylus, but this pen 
was afterwards done away with. 

As the operator at the transmitting station moves 
his stylus, his own pen, in circuit with the line, travels 
over the paper ribbon of his own instrument, moved 
forward at a uniform rate by clockwork, in obedience 
to ihe motions of the stylus, thus enabling him to see 
what he is writing, and to Ire certain that the motions 
of his stylus are such as to produce a legible message. 
Since the pens at the two stations move in synchronism 
under the influence of the same pair of circuits, any 
variation in the current, due to variation in the resistance 
of the line, or to changes in its insulation, produces a 
similar effect on the motion of each pen, so that the two 
{>ens move in such exact harmony with each other that it is 
quite impossible, by the closest comparison, to distinguish 
one of the written ribbons from the other. It is difficult 
at first to produce legible writing with this instrument, 
owing to the novelty of writing with the pen moving 
‘always within the same small area while the paper travels 
on Ixuieath it. 

A letter with a backward turn, such as a G or an S, has 
to l>e made pretty sharply, or the paper will have travelled 
on too fiir to allow of the letter being legibly made. 

This difficulty was advanced as an objection against 
the practical use of the instrument, by many who were 
otherwise very much taken with its beauty and simplicity, 
when it was first exhibited, three years ago, at the American 
Exhibition in London. 'Hie difficulty, however, is more 
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imaginary than real, for, in experimenting with the instru- 
ment myself, I found that after about twenty minutes* 
practice I was able, without any difficulty,*- to write a 
perfectly legible message. The instrument is one which 
would almost certainly have been very extensively used 
if it had been introduced before the telephone was known. 

Telegraph Lines , — Telegraph lines in country districts 
are generally supported upon poles fixed in the ground, 
and in this country wooden posts are almost invariably used 
for this purpose, the timber employed being principally 
Swedish or Norwegian pine. In order to preserve the poles 
from decay, they are first well seasoned by exposure for a 
considerable time to free currents of air, in order to dry up 
all the sap, after which the f>ortion of the pole which is 
to be embedded in the ground is slightly charred, and, 
before being placed in position, the bottom of the pole 
is thoroughly coated with tar, so as to prevent the absorp- 
tion of moisture. Poles of this kind v^ill generally last 
for about seven years without renewal, but they may be 
made to last a very much longer time by saturating them 
with creosote, one of the products obtained by the dis- 
tillation of coal-tar. The poles are creosoted by being 
placed in air-tight cylkiders, from which the air is carefully 
exhausted, after which creosote is forced in under pressure, 
which is kept up until a sufficient amount has been 
absorbed. 

The holes in which the poles are planted used formerly" 
to be dug by means of the spade and pick, but these 
implements have now been replaced, to a very great 
extent, by the earth-borer, which is something like a large 
auger, and does the work much more rapidly, and there- 
fore more economically, than the pick and shovel. When 
the pole has been placed in position, the earth must be very 
firmly rammed in all round it, or punned^ as it is called, 
in order to prevent the jjole from gradually falling over 
to one side. 
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When the poles are of moderate length, and only have 
to support a small number of wires, this is generally 
sufficient; but when very high poles are employed, or if 
they have to carry a large number of wires, they 
are frequently strengthened, either by means of stays of 
iron wire, the upper ends of which are attached to the 
poles near the lop, and the lower ends to weights buried 
in the ground at a little distance from the base, or by 
means of rigid wooden or iron struts, the lower portions 
of which are buried in the ground at some distance 
from the base, while the upper ends are attached to the 
poles. 

In this country the wires are generally insulated by being 
fixed to porcelain cups attached to the poles. The cups are 
made of such a form as to expose the upper portions freely 
to the cleansing action of the rain, while the lower portions 
are shielded from the rain so as to keep them fairly dry, 
and preserve the insulation as much as possible daring wet 
weather. The wires are attached to the insulators by being 
wound round them and firmly soldered together, so that if 
a breakage takes place at any point, the wire between the 
neighbouring poles will not be dragged from its supports, 
but the broken ends will simply fill where the breakage 
takes place. 

In places whcic there is danger of trees falling on the 
wires, as, for example, in some parts of America, insu- 
lators consisting of glass blocks with slits cut in them 
are largely employed, the wire being simply passed through 
the slits, leaving a good deal of slack ; and if a tree then 
falls across the line, it usually bears the wire down with it, 
taking up the slack from the neighbouring poles, but not 
breaking it, and it will therefore generally stick in the 
branches without being brought down to the ground, so 
that the circuit will not be entirely interrupted. 

When telegraph wires have to be taken through towns 
they are usually, when only few in number, carried over the 

9 
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tops of the houses, to which they are attached by means of 
porcelain insulators fixed to iron supports. If, however, the 
wires are numerous, they are generally carried underground, 
a number of wires being drawn together into iron or 
earthenware pipes, provided with what are called flush 
boxes, at intervals of every loo yards when the line is 
fairly straight, or at more frequent intervals if it winds to 
any considerable extent These flush boxes are provided 
with closely-fitting covers, to prevent, as far as possible, the 
entrance of moisture. The post-office telegraph wires in 
London are almost invariably laid in this manner, the pipes 
employed being of cast-iron, usually four inches in diameter, 
except where only a few wires are likely to be required, 
when smaller pipes are used. A four-inch pipe will take as 
many as 128 wires of the kind employed in the post-office 
telegraph system. Each wire has, of course, to be insulated 
by means of a covering, which is usually of gutta-percha or 
india-rubber. Overland telegraph wires in tropical countries, 
such, for example, as Australia and India, are usually 
carried upon iron posts, as the wooden ones would soon be 
destroyed by the attacks of the while ants or other insects, 
unless protected by creosote or some similar preservative 
process, which, however, in this case would involve much 
heavier expense than the employment of iron posts. 

The use of iron posts in countries where transport is 
difficult has the additional advantage that they are very 
much lighter than wooden ones, and also that they can 
be made in sections and put together at the place where 
they are to be erected 

A very convenient form of iron post, extensively employed 
in Australia, was designed by Oppcnheimer of Manchester. 
Its base consists of a sort of inverted pyramid with 
moderately sharp cutting edges, and it is driven into the 
ground by the blows of a descending weight which slides on 
the pole, and by means of a tripod arrangement is drawn up 
to a moderate height and then allowed to fall upon the base 
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until the upper or flat portion of the base is level with the 
ground. 

In selecting the wire for a telegraph line, the chief 
considerations by which the choice must be determined 
are — low electrical resistance and durability, and also, when 
the wires are suspended on poles, mechanical strength. 

The first two conditions are best fulfilled by copper, but 
until recently it has been difficult to get copper wire with 
much mechanical strength, except at a very high cost, and 
for this reason iron wires are almost universally employed 
upon lines carried on poles, copper being used for under- 
ground lines. Copper wire is now, however, being produced 
which has a tensile strength almost equal to that of steel, 
and a very low electrical resistance, and that at a cost 
considerably less than used formerly to be paid for ordinary 
commercial copper wire. It is therefore very possible that 
copper wires may come into general use in the near future, 
for, in addition to the electrical resistance of copper being 
much lower than that of iron, it will stand exposure to the 
weather for a very much longer time. 

Faults , — Preece and Sivewright, in their work on the 
telegraph, from which, by the kj^id permission of the 
authors and publishers, most of the illustrations of the 
present chapter have been taken, classify faults occurring 
upon telegraph lines under three heads — viz., disconnections, 
earths, and contacts; which they then subdivide into total, 
partial, and intermittent. A total disconnection may be 
caused by a tree falling across the wire and breaking it, or 
by the wire being broken by the weight of the snow which 
accumulates upon it in a snowstorm ; while partial discon- 
nection may be produced by means of badly-made joints 
or bad earth connections, or by some of the joints of 
the instruments not being kept properly clean. Total 
disconnection is of course indicated by the absence of 
current in the line when the battery is put on, and a partial 
disconnection is shown by the strength of the current 
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falling below its proper value. Earths arc indicated by an 
increase in the strength of a current at the transmitting 
station, and its decrease or entire cessation at the other 
end. A complete, or, as it is called, a dead earth, is caused 
by a wire resting on damp earth, or coming into contact 
with a wire or other object connected with the earth. 
Partial earths are caused by defects in the insulators, or by 
the wire coming into contact with imperfect conductors, 
such as walls, posts, or trees, in connection with the earth. 

Contacts are caused by one wire touching another, or by 
two wires being partially connected, either by means of an 
imperfect conductor falling across the wires, or by defects 
in the insulators allowing the current in one wire to leak 
into another. When a number of wires are carried on the 
same poles, a great deal of trouble would be caused by 
this cross leakage if special precautions were not taken to 
prevent it, and this would be especially noticeable in wet 
weather, when the deposition of moisture on the insulators 
greatly diminishes their insulating power. The effect of 
this cross leakage would be that the messages sent 
along one wire would be transmitted to stations on other 
lines, and interfere with the messages travelling along 
them. 

In order to obviate this inconvenience, the base of each 
of the insulators is connected, by means of a short wire, 
to an earth wire carried down the pole into the ground; 
and as this path offers a much smaller resistance than that 
from one wire to another, whatever leakage occurs will all 
go to earth, and the effect of this leakage can be remedied 
by increasing the battery power at the sending station. 
These earth wires also act as lightning conductors, and it is 
a matter of great importance that efficient means should be 
provided for the lightning to escape to earth when it strikes 
a post, instead of travelling along the wires, when it would 
destroy the instruments, and possibly some of the operators 
as well 
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In addition to these earth wires attached to the poles, 
the instruments themselves are protected by means of 
special lightning protectors. 

The lightning protectors employed on the post-ofBce 
lines, and which are found to be extremely efficient, consist 
of two flat brass plates, with their opposite surfaces carefully 
tinned to prevent oxidation, and kept at a small distance 
apart by means of thin paraffined paper or mica. 

One of these plates is connected to the line and the 
other to the earth, and it is found that when a lightning 
discharge strikes the wire, it will jump across the small 
distance and go to earth, in preference to going round the 
circuit. Intermittent faults are often caused by the action 
of the wind blowing the lines against different bodies, or by 
bodies being brought into contact with them at intervals, 
owing to expansion and contraction by heat 

In order to enable faults to be localised and remedied 
with despatch, the wires on overhead lines are carried at 
intervals into testing boxes, and if a fault is found, tests 
are applied at these in succession until the fault is shown to 
occur between two adjacent ones. In the underground 
lines the flush boxes serve the same purpose. When the 
fault is thus localised the section jp which it occurs is cut 
out, the exact position of the fault ascertained, and the wire 
repaired. If the section forms part of a busy circuit, from 
which a wire cannot easily be spared, a section is usually 
cut out from a less busy circuit and introduced into the 
former one until the repair has been effected. 

In a properly organised system no serious interruption 
will take place, unless in consequence of an extensive series 
of breakdowns, such as sometimes occurs during an excep- 
tionally heavy snowstorm, for the borrowed wire will always 
be taken from a circuit which, in addition to not having 
any very heavy traffic at the time, also possesses an alter- 
native route. 

1'he overland telegraph system, like most other important 
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undertakings in this country, was inaugurated and developed 
by private enterprise, but in the year 1870 it was purchased 
by. the Government and placed under the direct control 
of the Postmaster-General. One of the most cherished 
privileges of an Englishman is his right of grumbling at 
the Government and every undertaking under its direction; 
and in many cases there is very good reason for such 
grumbling, for the waste in many Government departments 
is simply scandalous ; and red tape, moreover, has been one 
of the most formidable obstacles to the successful develop- 
ment of many a valuable scientific invention. If, however, 
the post-office telegraph system is to be judged by its 
results, as seems only fair, there will not, I think, be found 
much scope for legitimate fault-finding. In the year 1870, 
when it was bought by the Government at twenty years* 
purchase, the telegraph system was bringing in an income 
of about ;^55o,ooo a year, and this has now increased to 
over ;^2,ooo,ooo annually, the number of messages trans- 
mitted having increased in the same time from 6,000,000 to 
53,400,000. 

Mr. Preece, from whose most interesting address to the 
British Association at Bath these figures are taken, reminds 
us in another portion qf his address how easily accidental 
errors may creep into telegraph messages without any fault 
on the part of the operator. He tells us, for example, that 
a lightning flash in America might cause an extra dot in 
Europe, causing mine to become wine; or an earthquake in 
Japan might cause the addition of a dash and turn life into 
wife; or again, a wild goose flying against a telegraph wire 
might drive it into contact with another wire and turn sight 
into night. And yet he says, as a matter of fact, in ninety, 
nine cases out of a hundred the telegraph operator delivers 
to the editor of a newspaper, copy which is far more accurate 
than the first proofs submitted by the printer of his own 
leader. As an example of the enormous strain which is 
sometimes thrown upon and successfully borne by the 
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post-office officials, Mr. Preece tells us that on the occasion 
of the introduction of Mr. Gladstone’s Home Rule Bill, on 
the 8th of ^pril 1886, no less than 1,500,000 words were 
sent from the Central Telegraph Office in London, 

If it were not for the telegraph it would be quite impos- 
sible to carry on the railway traffic of the country with its 
present combined celerity and safety. Most railways are 
now worked on the block system, according to which the 
line is broken up into short sections, and only one train is 
allowed on any section at the same time, the moment at 
which it enters upon any given section being signalled 
from ohe signal-box to the other, and no other train is 
allowed to enter until the signalman has telegraphed that 
the section is clear. At the more important junctions the 
system of electrical signals is supplemented by ingenious 
mechanical arrangements which make it impossible for the 
signalmen, through inadvertence, to make any combination 
of signals which would lead to an accident ; and, as Mr. 
Preece tells us in his address, “ the signalman is able to 
survey the line all round and about him. By aid of his 
electrical signals he can talk by telephone or telegraph to 
his neighbours, or his station-master; he learns of the 
motion of the trains he is marshallingfby the different sounds 
of electric bells; he controls his outdoor signals by the de- 
flection of needles, or the movements of miniature sema- 
phores; he learns the true working of his distant signals 
by their electrical repetition. Machinery governs and locks 
every motion he makes, so that he cannot make a mistake.” 

The increase in the safety of railway travelling is shown 
by the figures given on the same occasion by Mr. Preece, 
according to which, while in the five years ending with 
1878 thirty-five people on the average were killed annually 
from causes beyond their own control, — in the five years 
ending with 1887 the average had been reduced to 
sixteen, which means that only one person is killed in 
35,000,000 railway journeys. 



CHAPTER XL 
submarine telegraphs. 

The first attempts, as far as is known, at sending the 
electric current through submerged conductors were made 
by Sommering, who about the year 1808 made some ex- 
periments of the kind in St. Petersburg for the purpose 
of exploding gunpowder at a distance; and in 1815 
repeated his experiments in Pans, by means of a conductor 
laid upon the bottom of the Seine. 

After the invention of his electro-chemical telegraph, 
described in Chapter IX, Sommering proposed that Cron- 
stadt and St. Petersburg should be joined by means of a 
submarine telegraph line, but the project was^never carried 
out. 

Ronalds also pointed out the possibility of submarine 
telegraph cables a feV. years later; but the first experi- 
ments in which telegraphic signals were actually transmitted 
under water appear to have been made in 1839 by an 
Irishman, Dr. O’Shaughnessy, who employed conductors 
made of wire, covered over with pitch and tarred hemp, and 
succeeded without any difficulty in transmitting signals. 

In 1837 Wheatstone proposed laying a cable from Dover 
to Calais, to be worked by the needle apparatus invented 
by Cooke and himself, and described in Chapter X, and in 
the following year a committee of the House of Commons 
was appointed to inquire into the subject. Some preliminary 
experiments, however, which were made at fhe Observatory 
of Brussels were not altogether satisfactory, and the project 
was dropped 
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Wheatstone made some further experiments in Swansea 
Bay in 1844, and in the following year, when gutta-percha 
was first introduced into this country, he at once perceived 
its value as an insulator for submarine telegraph wires. 

Morse also turned his attention to the subject, and made 
some experiments with an insulated submerged wire at 
New York in 1842, and in the following year he submitted 
to the American Government a project for establishing 
telegraphic communication between America and Europe. 

In 1845 Cornell laid down a cable twelve miles long in 
the River Hudson to establish communication between 
Fort Lee and the town of New York. This cable was 
composed of two copper wires separately wound over 
with cotton, insulated by means of india-rubber, and 
enclosed together in a leaden tube. It was in use for 
some months, after which it was cut through by the ice. 

West, in the year 1846, applied to the English and French 
Governments for permission to lay down a cable between 
Dover and Calais, and carried out some preliminary experi- 
ments in Portsmouth Harbour in the presence of a large 
number of spectators. 

In 1848 Armstrong made some further experiments of 
the same kind in the River Hudsctn, and suggested, in an 
article published in one of the New York papers, that a 
similar cable should be laid across the Atlantia 

Werner Siemens in the same year carried out some experi- 
ments on the explosion of torpedoes by means of sub- 
merged electric cables in Kiel Harbour; and Walker in 
1 849 constructed a cable, consisting of copper wire, covered 
with gutta-percha, about two miles in length, and laid it out 
into the sea from Folkestone. This cable was connected 
with the overland line from London to Folkestone, and 
messages were sent by it between London and Mr. Walker’s 
yacht, two miles from the shore. 

In the meantime Brett, in 1847, had obtained a concession 
from the French Government for laying a cable between 
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England and France, and in 1849 a company was formed for 
carrying out the project A cable twenty-five nautical miles 
in length was manufactured. It was made of copper wire 
covered with gutta-percha, and was constructed in separate 
lengths of one hundred yards, which were joined by 
twisting the ends of the copper wire together and binding 
them over with gutta-percha which had been softened by 
heating. 

This cable was laid in August 1850, simultaneously from 
Cape Gris-nez and Dover, the cable being simply passed 
overboard from drums on which it was wound ; and leaden 
weights of ten or twelve pounds, to act as sinkers, were fixed 
at intervals of about one hundred yards. When, however, 
the two ends were joined together it was found that the 
cable had been broken, and although attempts were made 
to take it up and repair it, they were unsuccessful, as the 
cable was not strong enough to lift up the leaden weights 
used as sinkers. 

The original concession obtained from the French 
Government expired in 1850, but a further extension of a 
year was obtained. The failure of the previous attempts, 
however, had made capitalists distrustful of the project, and 
if it had not been for ^r. Crampton, who found half the 
capital required himself, the project would have fallen 
through. As it was, however, a cable was constructed by 
Messrs. Newall & Co. 

It was formed of four copper wires, each covered with a 
double layer of gutta-percha. These were twisted together, 
and the intervals filled up with tarred hemp, after which 
it was wound over with tarred cord, and the whole covered 
with a set of ten thick iron wires wound round it in order 
to protect it from injury. The cable was laid down from 
Sangate, but the weather was very unfavourable, so that the 
vessel laying it was unable to keep her course, and when the 
whol^ of the cable was paid out, she was still about a 
mile from the French shore. Temporary communication, 
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however, was established by means of three wires simply 
covered over and bound together, and this extemporised 
cable was aftywards replaced by means of a length of cable 
similar to the rest, and in November 1851, the cable was 
actually opened to the public, and since then, though it 
has frequently been repaired, it has never been entirely 
renewed. 

The success of this cable restored the confidence of 
capitalists, and an attempt was soon made to lay a cable 
between England and Ireland. The first of these was laid 
down from Holyhead to Howth, the cable being >ery 
similar to the Dover one, but the insulation was bad, so 
that when it was completed it was found that signals could 
not be transmitted, and attempts were made to pick it up 
and mend it; they were not, however, successful. Two 
other attempts were rendered unsuccessful, by the vessel 
laying the cable being carried out of her course by 
currents; but in the year 1853, a large cable containing 
several conducting wires was laid between Portpatrick 
and Donaghadee. 

The possibility of successful submarine cables having 
now been completely demonstrated, there was no difficulty 
in obtaining capital, and numerous ^ort cables were laid 
down, connecting different European countries. 

In the meantime the success of the second attempt to lay 
a cable between Dover and Calais had resuscitated the idea 
of establishing electrical communication between Europe 
and America. 

In the year 1851, Tebbets, an American, and Gisborne, 
an English engineer, obtained a series of concessions from 
the Government of Newfoundland, and formed a company 
under the title of the Electric Telegraph Company of 
Newfoundland. This company laid down twelve miles of 
cable between Cape Breton and Nova Scotia, but as it was 
unable to carry out all that it had undertaken, it was shortly 
afterwards dissolved, and the concessions transferred to the 
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Telegraphic Company of New York, Newfoundland, and 
London, founded by Cyrus W. Field, who, in 1854, obtained 
a further concession, giving to the company ^the sole right 
of carrying cables to Newfoundland for a period of fifty 
years. 

A cable eighty-five miles long was then laid between 
Cape Breton and Newfoundland, and in 1856, Field came 
over to England with a view of raising the capital for laying 
a cable between Ireland and Newfoundland. Here he 
associated himself with Brett, Whitehouse, and Charles 
Bright, who founded an English Company, which amalga- 
mated with the American one, under the title of the 
Atlantic Telegraph Company. 

The capital of this company was provided by three hun- 
dred and forty-five contributors, who subscribed a thousand 
pounds each. Among these contributors the name of Mr. 
John Pender, now Sir John Pender, K.C.M.G., must be 
specially mentioned, as from this time forth he practically 
took the lead in the development of submarine telegraphy. 

Before the new cable was constructed, a number of 
experiments were made by Mr, Whitehouse, to determine 
the manner in which the rate of transmission of signals 
depended on the length of the cable ; and he found that the 
time required for the transmission of a signal increased at a 
somewhat more rapid rate than the length of the line, but 
not in proportion to the square of the length, as appeared 
to be indicated by the theory of the subject, which, 
however, was at that time quite in its infancy. 

In the course of these experiments, Whitehouse made 
the very important discovery that the rate of signalling 
could be increased in the ratio of about three to one, by 
making the currents flow through the cable in opposite 
directions alternately, instead of always in the same 
direction. 

As the Atlantic cable would be nearly two thousand miles 
in length, it was thought advisable, before incurring the 
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expense of having it constructed and laid down, to obtain 
definite experimental evidence of the possibility of trans- 
mitting signals over so long a line. 

Accordingly, in October 1856, Whitehouse and Bright 
connected up a series of existing submarine cables with the 
subterranean line between London and Manchester, and in 
this way made up a circuit of about two thousand miles in 
length, and it was found that from about 210 to 240 
distinct signals could be sent over this circuit in a minute, 
and therefore the commercial practicability of using the 
line, if it could be constructed and laid successfully, was 
conclusively demonstrated. 

The core of the cable was made by the Guttapercha 
Company, of Silvertown, and consisted of seven copper 
wires, covered with three layers of gutta-percha. The core 
was covered with hemp soaked in a composition of 
Norwegian tar, pitch, linseed oil, and wax, and was pro- 
tected outside by means of eighteen ropes, each formed 
of seven iron wires. The covering was manufactured and 
laid on by Messrs. Glass, Elliot, & Co. and Messrs. 
Newall & Co. 

The shore ends of the cables were protected by a much 
heavier armour, consisting of twtlve thick iron wires 
twisted round the cable in a helical form, as was done 
with the wire ropes used in the deep sea portions. 

Owing to the absence of previous experiments on the 
requirements of such a cable, and also to the haste with 
which its manufacture was carried out, the cable was 
unfortunately exceedingly defective, and Mr. Whitehouse 
strongly advised its rejection. It was, however, decided to 
lay it down, and it was embarked on board two vessels — 
the Niagara f a vessel of five thousand tons, belonging to 
the United States Navy, and the Agamemnon^ an English 
war-ship, of three thousand two hundred tons. 

It was decided to lay the cable from Valentia, in Ireland, 
to Newfoundland, as the ocean bottom between these two 
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places had been explored by Captain Maury, of the United 
States Navy, and found to consist of a gently undulating 
plateau, covered with fine mud, usually known’ by the name 
of Atlantic ooze, forming a very suitable bed for the cable. 

The shore end of the cable was laid down from Valentia 
by means of two smaller vessels, and was safely effected on 
the 6th of August 1857. On the following day the shore 
end was joined with the portion on board the Niagara^ and 
the paying out of the cable went on successfully until the 
I ith of August, when, after a length of 334 nautical miles had 
been laid down, the cable broke, owing to an accident with 
the paying-out machinery, in a depth of over 2000 fathoms 
of water. Owing to this accident the vessels returned to 
Plymouth, and the cables were landed at Keyham, and 
stored in dry tanks. The most defective portions were 
there replaced by new ones, and an additional length of 
750 miles was manufactured by Messrs. Glass, Elliot, & Co. 
The paying-out machinery was also very greatly improved. 

This time it was decided to begin laying the cable in 
mid-ocean by the two vessels simultaneously, the A^^amemnon 
proceeding towards Valentia, and the Niagara towards 
Newfoundland. The cable was broken several times in 
laying, and about 640 ^miles of it were lost, but at last every 
difficulty was overcome, and communication established on 
the 5th of August 1858. 

It was found, however, that the signals transmitted by 
the cable gradually became less distinct, and on the ist of 
September they ceased to be intelligible. During the time 
that communication was established the English Govern- 
ment had made use of the cable to send a message to 
Canada, countermanding the departure of two regiments 
which were about to return to England ; and, as they would 
have had to be sent back again, a considerable expense was 
thereby saved to the country. This was a fortunate cir- 
cumstance, as it illustrated in a very striking manner 
the advantage of establishing telegraphic communication 
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between England and America, and had an important 
effect in encouraging further attempts. 

Several attempts were made in i860 to pick up this cable, 
but they were all unsuccessful. The Atlantic Telegraph 
Company did not, however, for a moment abandon their 
hopes of success, and two vessels were sent out to explore 
the ocean bed between Ireland and Newfoundland. They 
found that several portions of the bottom where the old 
cable had been laid were of a rocky character, very likely 
to damage the cable, and a new course was therefore 
marked out for the next attempt, about twenty-seven miles 
to the south of the former one, the positions selected for 
the shore ends being the Bay of Heart’s Content in New- 
foundland, and Foilhommerum, close to Valentia, in 
Ireland. A new cable was manufactured by the Gutta- 
percha Company, the core having been designed by Messrs. 
Glass, Elliot, & Co. In its general character it was similar 
to the former one, but the construction was very greatly 
improved. 

As the results of the 1857 expedition had shown the 
inconvenience of employing two vessels to lay the cable 
simultaneously, the Grea^ Eastern^ of 22,500 tons, was 
chartered to carry the entire cablqi which was coiled on 
board in three immense iron tanks, and Captain, now Sir 
James, Anderson was appointed to command the vessel, 
Mr. Canning being engaged as engineer, and Professor, now 
Sir William, Thomson and Mr. F. Varley as electricians. 
The Irish shore end, which had been made by Henley of 
Woolwich, was laid down by a smaller vessel on the 26th 
of July 1865, and was joined to the main portion on board 
the Great Eastern on the following day, when the process 
of paying out the cable was at once begun. 

On the 24th of July, after 84 miles of cable had been 
laid down, a fault was discovered in the portion which had 
been submerged, and ten and a half miles of cable had to 
be wound in before the fault was got on board, when it was 
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found to be due to a small piece of iron which had 
penetrated the insulating covering, and made connection 
between the copper core and the water. 

A second fault occurred when 716 miles of cable had 
been laid down, and this also was successfully repaired. A 
third fault was observed on the 2nd of August, after 1186 
miles of cable had been paid out, and the cable had to be 
wound in from a depth of about two thousand fathoms. 
After about a mile of cable had been recovered an accident 
occurred to the picking -up machinery, and it became 
necessary to stop the ship ; it was therefore temporarily at 
the mercy of the waves, and the cable, unable to bear the 
strain to which it was subjected, parted and was lost over- 
board. 

Several attempts were made, by means of grapnels, to 
pick it up ; but although the engineers succeeded in getting 
hold of the cable, the tackle was not strong enough, and 
gave way in every case before it was brought to the surface. 
Ultimately, the attempts had to be abandoned, as all the 
picking-up tackle was exhausted. This disaster ruined the 
Atlantic Company financially, and there appeared very little 
prospect of raising the capital for another attempt ; for many 
of the original contributors were dead, while others had 
began to despair of the ultimate success of the project as 
a commercial enterprise, and preferred the certainty of 
losing what they had already put into it, to the risk of 
investing further capital in what scarcely seemed more 
than a forlorn hope. 

This, however, was fortunately not the opinion of Mr. 
John Pender and a few others who shared his faith in the 
ultimate success of the enterprise ; and the Anglo-American 
Company was formed, with a capital of 600,000, to carry 
on the work of the defunct Atlantic Company. 

The first object of the new company was to lay down a 
new and improved cable ; and the second, to endeavour to 
repair and complete the former one. Negotiations for the 
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manufacture of a new cable were therefore opened with 
Messrs. Glass, Elliot, & Co., and with the Guttapercha 
Company ; but the latter found it was giving up much of 
its ordinary business in order to carry out this one attempt, 
which, if it were unsuccessful, might involve them in ruin, 
and they refused to proceed with the work unless they 
received a guarantee amounting to a quarter of a million. 

Delay at this moment would have been fatal to the pro- 
ject, and would have involved the loss of all the capital, 
amounting to nearly two millions, which had already been 
expended; but when Mr. Pender was informed by the 
company of their demand, he simply asked whether his 
personal guarantee would suffice; and on being told that 
it would, he at once gave it, and the work was put in hand 
forthwith. 

Another cable was made very similar to the former 
one, except that the iron wire, used for armouring the 
cable, was galvanised to protect it from the disintegrating 
action of the water. 

New paying-out and picking-up machinery of a greatly 
improved type, and driven by an engine of seventy horse- 
power, was placed on board the Great Eastern ; and the 
Medway and Albany^ which were#to assist the Great 
Eastern^ were provided with similar machinery. Two 
vessels of the British Navy, the Terrible and the Raccoon^ 
were told oflf to accompany the expedition, and render any 
additional assistance that might be required. The shore- 
end of the cable was laid down in the Bay of Foilhom- 
merum on the 7th of July 1866, and on the i3th the 
junction with the cable stored on board the Great Eastern 
was effected, and the latter vessel started on its voyage to 
Newfoundland, where it arrived on the 27th of July, after 
having been successful in laying the 1852 miles of cable 
without any mishap. The cable was laid along the line 
previously marked out, which was, as already stated, 
twenty-seven miles to the south of the old cable. 


10 
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On the 9th of August the Great Eastern^ accompanied 
by the Medway^ put to sea to endeavour to find and pick 
up the old cable, and three days later they met the Terrible 
and the Albany^ which had been despatched eighteen days 
earlier to endeavour, in the first place, to find, by means of 
astronomical observations, the place where the cable had 
been abandoned; and, secondly, to begin dragging for it. 
When the Great Eastern arrived the Albany had already 
grappled the cable, lifted it a certain distance, and sup- 
ported it by attaching it to a buoy; but the chain 
had broken, so that the cable had fallen back to the 
bottom, carrying with it about two thousand fathoms of 
chain. Canning’s plan for picking up the cable was that 



Fig- 39- 


the Great Eastern^ t’ e Terrible^ and the Albany should 
drag for it simultaneously, and when they had grappled it, 
and lifted it to a certain height, the Medway was to cut it 
on the westerly side, so as to allow the Valentia end to be 
picked up. Several times the vessel succeeded in getting 
hold of the cable, and once it was brought to the surface, 
but it slipped out of the grapnel as attempts were being 
made to attach a chain to it. At last, however, on the 13th 
of August, the cable was grappled and lifted to within 800 
fathoms of the surface, when the chain to which the grapnel 
was attached was fastened to a buoy. The Great Eastern 
then began to drag three miles to the west of the buoy, and 
the Medway two miles to the west of the Great Eastern^ 
and both vessels succeeded in getting hold of the cable, the 
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position of which was then as shown in Fig. 39. The 
Medway then cut the cable by means of a cutting grapnel 
at a depth of 300 fathoms. 

The part grappled by the Great Eastern was then at a 
depth of 800 fathoms, the process of lifting it having been 
stopped at that depth, as the strain upon the grapnel had 
risen to over twenty tons, and it was feared that any further 
increase would cause it to give way. When, however, the 
cable had been cut by the Medway^ the strain diminished to 
ten or eleven tons, and the Great Eastern recommenced the 
work of picking up. It was got on board and connected 
with the electrical instruments on the 2nd of September, 
and the happy result was immediately signalled to Valentia. 
The extra cable which had been provided for repairing 
the old one was then joined to the latter, and the Great 
Eastern began laying it down in the direction of Newfound- 
land, arnving safely at the Bay of Heart’s Content on the 
8th of September, when it was attached to the shore end, 
which the Medway then proceeded to lay down ; and the 
same evening communication was established through it 
between Newfoundland and Valentia. The total length of 
cable laid down amounted to 1896 miles. 

During this second expedition lhe#^essel was commanded, 
as before, by Captain Anderson, and Mr. Canning directed 
the operations of laying and repairing, while Professor 
Thomson and Mr. Willoughby Smith were in charge of 
the electrical tests on board, and Mr. Varley remained at 
Valentia to superintend the testing operations there. Since 
the successful laying of the Atlantic cable in 1866, new 
cables have been laid down in gradually increasing numbers 
almost every year, until at present they form a complete 
network, connecting, in conjunction with the overland 
telegraphs, all the more important places in the civilised 
world. The experience thus gained has of course led to 
many improvements in the construction of the cables, in 
the methods of laying them down, and picking them up for 
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repairs, and in the apparatus used for transmitting and 
recording signals. 

Cables are often made with several separate conductors 
instead of only one, the different terminals being connected 
to different lines on shore ; but whether one conductor or 
several are employed, each of them is now invariably made, 
not of a single copper wire, but of several wires, usually 
three or seven, as this is found to entirely obviate the 
difficulty arising from the brittleness of solid copper wire, 
which caused a great deal of trouble in the earlier cables, as 
the solid wire was found to break after being bent a few times. 

The covering of hemp or jute, which is spun round the 
insulated core to serve as a pad or protection against the 
pressure of the iron wires forming the armour of the cable, 
is usually known as the serving'' \ and when the cable is 
made up of several separate conductors, they are usually 
arranged in a circle round a central core of hemp or jute 
known as the “ worming." 

In the earlier cables both the serving and the worming 
were saturated with tar, in order to diminish their liability 
to decay in the water; but Mr. Willoughby Smith found 
that tar temporarily mended small defects in the insulation, 
and might therefore prevent any injury to the core from 
being discovered in lime to allow of its being repaired 
before the cable was laid down ; while it was not a suffi- 
ciently good insulator to mend the fault permanently, and 
therefore it is now no longer used, the hemp being tanned 
instead. In shallow waters submarine telegraph cables 
are very liable to injury, either from anchors dragging 
over them, or from their being chafed against a rocky 
bottom; or again from the attacks of various submarine 
animals, such as the Teredos, which will bore into a 
cable as it would into timber, if any portion of the armour 
is removed by injury. It appears, however, to confine 
itself to the exposed portions, and will not bore into 
tliose portions of the hemp which lie underneath the iron 
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wires. There is also a case on record of a swordfish 
having left its weapon buried in the insulating coating of 
a telegraph cable. 

When any such fault occurs its presence can be detected, 
and its position ascertained, by electrical tests made, either 
at one end of the line, or at both ends simultaneously, 
with the aid of adjustable resistance which is inserted into 
the circuit between the end of the cable and the earth 
connection. 

This adjustable resistance consists of a series of coils, 
the resistances of which are all kno\^n multiples of a 
definite unit, usually the Legal Ohm. The resistance per 
mile of the cable is known from tests made before it is 
laid down, and when a fault occurs the electrical tests 
enable the resistance of the cable between the fault and 
either end to be determined, and therefore the distance 
along the cable at which the fault occurs is obtained by 
simply dividing the total observed resistance by the resist- 
ance of a mile of the cable. 

The first successfully-laid Dover and Calais cable, and the 
other short cables which were laid shortly afterwards, were 
worked by means of needle instruments, or other ordinary 
telegraph apparatus then in use on#overland lines. None 
of these, however, were sufficiently delicate to give good 
results over a great length of cable, and they were there- 
fore very soon displaced by the mirror galvanometer. It 
has already been mentioned that this instrument was 
originally devised by Gauss and Weber, and employed on 
their telegraph line at Gottingen. It was subsequently very 
much improved by Sir William Thomson, and one of the 
instruments made by him was employed at Valentia during 
the few weeks that communication was possible through 
the cable of 1858. 

Thomson's astatic reflecting galvanometer, now em- 
ployed for submarine cable work, consists of a pair of 
magnets connected rigidly together in such a way that 
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when suspended by a silk fibre they will hang horizontally 
one above the other with similar poles pointing in opposite 
directions. The two magnets are of as i»early equal 
strength as it is possible to make them, so that when placed 
in a magnetic field the directive force acting on them is very 
much weaker than it would be upon a single magnet only. 
The magnetic field is usually produced by means of a small 
magnet bent in a vertical plane in the form of a circular arc, 
and made to slide upon an upright rod attached to the case 
of the instrument. 

This is more convenient than using the earth’s magnetic 
field, because, by means of the adjustable magnet, the sus- 
pended magnets can be made to turn in any desired direction. 
These suspended magnets are exceedingly small and light ; 
and each of them is attached to the back of a small mirror 
formed of silvered microscope glass. A very large number 
of turns of exceedingly fine silk-covered copper wire are 
then wound round the pair of suspended magnets in 
a coil having the shape and position of a vertical figure 
of 8. The result of this is, that whatever the direction 
of the current through the coil, the effect of the portions 
surrounding each of the two suspended magnets is to turn 
them both in the same direction 

The resistance of a galvanometer of this kind is very 
high, generally from seven thousand Ohms upwards, but this 
does not produce any sensible diminution in the strength of 
the current, which by Ohm’s law is equal to the electro- 
motive force divided by the total resistance, because the 
resistance of the cable is so great that the galvanometer 
resistance does not increase it by any perceptible proportion 
of the whole. 

The object of using exceedingly fine wire is to enable 
a very large number of turns to be wound in very close 
proximity to the suspended magnet, in order to magnify 
as much as possible the effect of the weak current passing 
through the cable. 
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In reading a message by means of the minor galvano- 
meter, it is placed close to the observer ; and opposite to it, 
at a considwable distance, is placed a horizontal scale, at 
the centre of which is a small vertical slit A lamp is 
placed beyond this slit, and its rays, concentrated by means 
of a lens, are allowed to fall upon the mirror, and reflected 
back upon the scale. The observer watches the motion 
of the spot of light upon the scale, and the reader will 
easily see that a very small motion of the mirror will 
be sufficient to give a perfectly perceptible motion to the 
spot of light. The dots and dashes of the Morse code are 
indicated by motions to the right and left respectively of 
the centre of the scale 

It is exceedingly fatiguing to the eye to watch the motion 
of the spot of light in the mirror galvanometer for any 
length of time, and although the instrument is still largely 
employed for making electrical tests, it has been to a great 
extent superseded for signalling purposes by the ^‘Syphon” 
recorder, a most beautiful and ingenious instrument, which 
is also the invention of Sir William Thomson. The con- 
struction of this instrument is far too complicated for me 
to lax my readers’ patience by describing it in detail, but 
its general principle is very easily ui^erstood. 

A flat coil of very thin wire, in circuit with the line, is 
suspended by means of silk fibres between the poles of a 
powerful electro-magnet, in such a way that when no 
current is passing through it, it hangs with its plane vertical 
and passing through the line joining the poles of the 
electro-magnet When a current is sent through the 
suspended coil the latter behaves like a magnet, just as in 
Amphre’s experiments, and tries to set itself with its plane 
perpendicular to the line joining the poles of the electro- 
magnet. The suspended coil is made to communicate its 
motions by means of fine silk fibres to a very fine glass 
syphon, one end of which dips into an insulated metallic 
vessel containing ink, while the other extremity rests, when 
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no current is passing, just over the centre of a paper 
ribbon which can be carried underneath it by means of 
clockwork. When the instrument is to be used, the vessel 
of ink is connected with an electrically charged conductor, 
the effect of which is to drive the ink out of the syphon in 
small drops. The clockwork is at the same time set in 
motion, the result being to draw a fine dotted line along 
the centre of the ribbon. 

When currents are sent through the line the point of 
the S3rphon moves alternately above and below the line, 
drawing a wavy instead of a straight line, and this wavy 
line gives a permanent record of the message, the motion 
of the S3rphon above the central line corresponding to the 
dots of the Morse code, and its motion in the other 
direction corresponding to the dashes. It has already been 
mentioned that Whitehouse found in his experiments, pre- 
liminary to the first attempt to lay an Atlantic cable, that 
the rapidity of signalling could be greatly increased by 
sending currents alternately in opposite directions through 
the line. This he himself attempted to effect by the use of 
a small magneto machine, but a more satisfactory method 
is to alternately connect the copper and zinc poles of the 
battery at the transmitt^g station with the cable, the end 
not in connection with the cable being at the same moment 
put to earth. In order to obtain the best effects, the 
duration of the different currents in opposite directions 
should bear definite ratios to one another, depending of 
course on the succession of signals to be sent. It is 
very difficult to do this satisfactorily with any form of key 
operated by hand, but it is done most effectively by means 
of the automatic curb transmitter, an instrument devised by 
Sir William Thomson for use with the syphon recorder, and 
which automatically makes, breaks, and reverses the con- 
tacts as required, under the guidance of a strip of punched 
paper similar to that employed with the Wheatstone auto- 
matic transmitter, which was described in the last chapter. 



CHAPTER XII. 


THE TELEPHONE. 

The first recorded attempt to transmit speech by electricity 
was made by Philipp Reis, a German schoolmaster, who 
began his researches in the year i860. His first transmitter 
was formed out of the bung of a beer-barrel, hollowed out, 
and having one end closed with the skin of a German sausage 
to serve as a membrane. A somewhat less primitive form 
of the instrument is shown in Fig. 40. It consisted of a 
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cube of wood, hollowed out m a conical form, and having 
the smaller end of this hollow closed with a very fine 
stretched membrane. A narrow springy strip of platinum 
foil was attached to the upper binding screw, as shown in 
the diagram, while its lower end rested against the centre of 
the membrane. A second platinum strip, provided with a 
contact point, was attached to the lower binding screw, andi 
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by means of the adjusting screw shown in the illustration, 
was made to just touch the lower end of the first platinum 
strip. • 

The two binding screws were placed in circuit with ihe 
battery and with the line through which messages were to 
be sent Reis’s original receiver, shown in Fig. 41, con- 
sisted simply of a violin, 
upon the bridge of which 
was stuck upright a 
knitting - needle, sur- 
rounded by a coil of 
silk-covered copper wire. 
If a musical note was 
sounded opposite the 
larger end of the hollow 
of the transmitter, the 
membrane was thrown into vibration, making and breaking 
the circuit once at each complete vibration. As often as 
the circuit was completed the knitting-needle was magnetised 
by the coil surrounding it, and demagnetised when the 
current was broken. Now, it was explained in a former 
chapter that when a piece of iron is suddenly magnetised or 
demagnetised a slight sqjjnd is heard, and as the number of 
magnetisations and demagnetisations in a second was equal 
to the number of vibrations corresponding to the note 
sounded at the transmitter, the result was that the note was 
reproduced Reis attempted to use his instrument for 
transmitting words spoken into the transmitter, but he does 
not seem to have been able to do more than occasionally 
reproduce a single syllable or short word, and that very 
indistinctly. 

We now know that the reason of this was that the sounds 
emitted by the human voice are of much too complicated a 
nature to be reproduced by any apparatus which simply 
makes and breaks the circuit, and although Professor S. P. 
Thompson has been more or less successful in transmitting 
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articulate sounds by means of instruments of similar con- 
struction to those of Reis, it has only been by very carefully 
adjusting the contact-breaking spring, and speaking to it 
very softly, so as only to vary the pressure between the two 
platinum surfaces instead of actually breaking the contact 
Reis made a great number of other transmitters of an 
imperfect form, one of which is shown in Fig. 42. It 
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consisted of a double electro-magnet about six inches in 
length, laid horizontally upon a wooden sounding-board. 
In front of the poles of the electro magnet was placed an 
iron rod of elliptical section, attached to a wooden lath 
supported on a cross wire, and capable of having its 
position regulated by means of the upper adjusting screw, 
and a tension spring attached, as shown, to the lower screw 
in the illustration. 

It is curious that though Reis provided his transmitters 
with elaborate mouthpieces, he never attempted anything 
of the kind for the receiver, although subsequent experi- 
ments have shown that it is a much more important feature 
in the latter case than in the former. 
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The first speaking telephone was the invention of Alex- 
ander Graham Bell, a Scotchman who had settled in the 
United States and become a naturalised American citizen. 

The first telephones constructed by Bell were not speak- 
ing ones, and one of these earlier forms is shown in Fig. 43. 
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The same instrument served either for transmitting or 
receiving the message, and consisted of a pair of harps 
formed of steel rods attached to the poles of a permanent 
magnet, NS, and having their free ends respectively above 
and below the soft iron core of an electro-magnet, E. 

Two such instruments are shown in the diagram 
connected up ready for use, one end of the coil of each 
electro-magnet is eartly:onnected, and the other two ends 
are connected with each other through the line. 

If one of the bars of the harp H is thrown into vibration 
mechanically, or by singing to it or playing a musical note 
in its neighbourhood, it will send an undulatory current, of 
a period corresponding to that of the note, through the line, 
and this will set in vibration the corresponding rod of the 
harp H — ^that is to say, the rod giving the same note as that 
which was sounded at the transmitting station ; the reason 
that one of the rods will respond to a note sounded near it 
is that its period of vibration is equal to the period of the 
note, so t^t the successive impulses caused by the waves 
striking the rod all tend to increase the vibration instead of 
counteracting each other’s effects. A familiar example of 
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exactly the same phenomenon is given by the well-known 
fact that if the sounding-board of a piano is lifted and a 
certain note*sung above the strings, it will be taken up by 
the string giving the same note. The study of the notes 
required to produce the different vowel sounds shows that 
if a piano were made with a sufficient number of strings to 
each octave, or a harp such as that used by Bell with a 
sufficient number of rods, vowel signs could be perfectly 
reproduced by setting them in vibration one after another. 
Bell pursued this idea for some time, as he thought it might 
give a convenient means of sending a number of messages 
simultaneously along the same line. This was to be 
effected by a pair of notes being selected for each pair of 
instruments, to give signals corresponding to dots and 
dashes respectively, a different pair of notes being used for 
each such pair of instruments. 

The clerk at the transmitting station would simply have, 
by means of a suitable key, to set his pair of rods in vibra- 
tion in the proper manner to transmit a message. At each 
receiving station a number of the rods actuated by the 
sending instruments would be vibrating together, but it was 
supposed that each clerk would be able to pick out the two 
notes which it was his business to ^ttend to, and to train 
his ears so as to distinguish these while neglecting the 
others. The plan might possibly be a success if telegraph 
clerks invariably possessed accurately trained musical 
ears, but unfortunately 
comparatively few per- 
sons possess the power 
of training their ears 
to the extent which 
would be necessary. 

After a long series of 
experiments, the trans- 
mitter shown in Fig. 

44, and the receiver Fig. 44. 
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shown in Fig. 45, were constructed, and these are 
of special interest as being the first pair of instruments 

that could raally be said 
to form a speaking tele- 
phone. They were exhi- 
bited in Philadelphia in 
1876, and at the meeting of 
the British Association in 
the same year, Sir William 
Thomson excited a wide- 
spread interest by exhibit- 
ing this receiver to the 
meeting at Glasgow, and 
giving an account of the 
results obtained by Mr. Bell in the same year. 

The first public exhibition of the speaking telephone in 
England was given by Mr. Preece at the Plymouth meeting 
of the British Association in 1877, when the Glasgow 
receiver had been abandoned, and the transmitter modified 
into a form not differing greatly from that shown in Fig 46, 




which represents the Bell receiver now in use, and which 
was used for some time both as receiver and transmitter. It 
consists of a case made of wood or ebonite, the latter being 
now almost universally employed, containing a permanent 
steel magnet, opposite which is a vibrating plate, pp^ made 
of thin steel 
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The distance between the magnet and the plate can 
be adjusted by means of the screw, d. On the N end 
of the magpet is placed a small boxwood reel, bb, wound 
with silk*covered copper wire, the ends of which are con- 
nected by means of the terminals, hh^ with the line LS. 
The mouthpiece, VV^ is fastened by means of two screws, 
ff^ to the projecting flange, UU^ of the case, and holds the 
vibrating diaphragm in position. This diaphragm is made 
of a ferrotype plate such as that used by photographers, 
which gives a much clearer intonation than the membranes 
employed in the earlier instruments. The principle of 
these instruments is similar to that of the harp telephone 
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first made by Bell, except that the harp, which can only 
produce a limited number of definite notes, is replaced 
by the steel diaphragm, which reproduces with more or 
less clearness all the notes which go to make up the 
human voice. 

As in the former instrument, no battery is required, 
the undulatory current being produced by the vibrations 
of the diaphragm spoken to, and reproducing the sound 
in the receiving instrument, by setting up vibrations in 
its diaphragm, synchronous with those of the first. 

The next advance in telephony was made by Edison’s 
invention of the carbon transmitter. This instrument, 
which is shown in Fig. 47 , was based on the discovery, 
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made by Du Moncel in 1866, that an increase of pressure 
between two conductors in contact causes a diminution 
in the electrical resistance of the circuit of*, which they 
form a part E is an ebonite mouthpiece, D a vibrating 
plate, and I a disc of prepared carbon about the size of a 
shilling, the distance of which from the vibrating plate can 
be adjusted by means of the screw, V. A small platinum 
plate, B, carrying a rounded ivory button, is fixed to the 
upper surface of the carbon disc. When the membrane is 



set in vibration by speaking to it, the vibrations are com- 
municated to the carbon by means of the small platinum 
plate; and the variations of pressure produced in this 
way cause a variation in the electrical resistance of the 
contact, and therefore set up a series of undulations in 
a battery current made to traverse the circuit. In practice 
it is found better, when using the carbon transmitter, not 
to place the receiver in circuit with the battery and trans- 
mitter, but to allow the undulatory current from the latter 
to traverse the primary wire of a small induction coil, 
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and to place the receiver in circuit with the secondary 
wire of the same coil, in which undulatory currents 
are produced by the inductive action of the original 
current. 

In the same year that Edison devised the carbon trans- 
mitter, Mr. Hughes read a paper before the Royal Society 
in which he described an instrument of a very similar 
character, to which he gave the name of the “ microphone.’^ 
A simple and efficient form of this instrument is shown in 
Fig. 48, and consists of a pencil of gas carbon (viz., the 
residue left in a gas retort when the gas has been expelled 
from the coal) pointed at each end and resting in cups, 
CC, of a similar material. When this instrument is 
connected through a battery, 11, with a circuit, XY, con- 
taining a telephone, it is found to act as a very 
powerful telephone transmitter, and the slightest touch 
against the pencil will produce a grinding noise in the tele- 
phone. If the instiumcnt is allowed 
to rest on a small wooden match-box in 
which a fly is walking, the noise pro- 
duced by Its motions can be distinctly 
heard in a telephone in circuit with 
the microphone. I 

A large number of carbon trans- 
mitters of various kinds have been 
devised by different inventors, all of 
them modifications, not of Edison’s 
transmitter, but of Hughes’s micro- 
phone. Of these it will be sufficient 
to describe the Blake transmitter, 
which is the one universally used in 
connection with the telephone ex- 
changes in Great Britain. It consists 
of a small wooden frame, H, Fig. 49, 
hollowed out in the centre so as to 
form a mouthpiece, a, and carrying on 



Fig. 49. 
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Its reverse side an iron ring, rr, Fig. 50, to which are 
screwed two pieces, bb^ opposite to each other. These are 
connected by the conducting rail r, which is kept in 



position by means of the brass plate m and the screw «. 
The iron diaphragm e is placed immediately behind the 
funnel-shaped mouthpiece a. Between the diaphragm and 
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the vertical rail the upper part of which is bent at right 
angles, there is an interval of about three-quarters of an 
inch. • 

A strip of insulating material, /, carries a thin flexible 
steel spring, / the lower end of which terminates in a small 
platinum button pressing on one side against the diaphragm, 
and on the other against a small carbon disc, ^ fastened to a 
small brass plate, p. The latter is fastened to the lower end 
of a flat spring, the upper end of which is fixed, as ^hown, 
to the shorter arm of c. The spring g is coated with gum, 
and is only in electrical connection with the spring / by 
means of the platinum contact The diaphragm c is con- 
tained in the india-rubber ring Fig. 50, and is kept in 
position by the springs w\ which are screwed to the ring r. 
The frame H forms the door of a small case containing the 
induction coil, R. The current passes from one pole of the 
battery, through the primary coil, over the ring r, the upper 
piece by the brass plate niy the upper arm of the rail r, the 
spring gy the brass plate /, the carbon disc ky and the 
platinum contact of the spring fy back to the other pole of 
the battery, the secondary coil being placed, as before 
explained, in circuit with the line and receiver. When the 
diaphragm e is thrown into vibration the vibrations are 
transferred to the spring fy causing a variation in the 
pressure between the platinum contact and the carbon 
disc k. 

According to Mr. Preece, from whose book on the 
telephone the above description is taken, the articulation 
of this instrument is inferior to that of many others for long 
distances, although for short distances it is very good. 
Before proceeding to give an account of the manner in 
which the telephone is employed in commercial and every- 
day life, it will be of interest to notice briefly some special 
forms of telephonic apparatus. 

Edison's Laud-Speaking Telephone , — This instrument is 
a most ingenious form of telephone receiver based upon 
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the discovery made by the inventor that if a metallic plate 
were allowed to slide over certain prepared surfaces, such 
as chalk moistened ^Mth an easily decompost:d electrolyte 
like potassic iodide, the frictional resistance to sliding could 
be \ cry greatly diminished by passing a current through 
the contact. The instrument is shown in Fig. 51. A is a 
chalk cjlinder, \\hich can be turned at a regular speed by 
a set of multiplying heels driven by the handle W C is 
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a strip of platinum supported by a thin mica diaphragm, 
and made to press with a constant pressure against the 
cylinder by the spring S, which is capable of adjustment 
by the screw E. The current from the transmitter flows 
through the support H to the chalk cylinder A, and thence 
through the platinum strip C and the wire D to earth 

When the cylinder is made to rotate, the friction between 
it and the strip C displaces the latter in the direction of 
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motion, the displacement being greater the greater the 
friction. 

Every variation in the undulatory current, sent through 
the contact by means of the transmitter, will produce a 
corresponding variation in the friction, causing the mica 
disc to vibrate in exact synchronism with the diaphragm 
of the transmitter. Instruments of this type were at one 
time supplied for use in private houses, but although they 
spoke much more loudly than the ordinary Bell receivers, 
they were found exceedingly troublesome, because the 
cylinder, in order to work satisfactorily, must be neither 
wet nor dry, but only just moist, and therefore requires 
very careful attention. It acts best when it has been 
slightly moistened with a camel-hair brush from twelve 
to twenty-four hours before using it. To get really good 
results with this apparatus it is essential that the cylinder 
should be made to rotate with uniform velocity. This can 
be effected much more satisfactorily by means of clockwork 
than by hand, but as the clockwork requires heavy weights 
to drive it, such an apparatus is more suited for exhibition 
than for practical use. When carefully adjusted, its re- 
production of speech and musical sounds is very loud and 
distinct. It may be of interest to illjistrate this by describ- 
ing some of the results which I obtained when using a very 
fine instrument of this character, which had been lent by the 
United Telephone Company for a lecture on the Tele- 
phone, delivered in the schoolroom attached to a church 
in Kensington. The telephone company had, in addition 
to lending this and other apparatus, kindly connected the 
schoolroom for the evening with their exchange system, and 
in the course of the evening communication was established 
between the lecture-room and the telephone exchange at 
Brighton. The loud-speaking telephone was placed on its 
stand in front of the platform, and stood about five feet 
above the ground. A cornet-player had been sent down 
to Brighton, and played his cornet opposite a carbon 
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transmitter of a form somewhat different from either of those 
described, and more suitable for the transmission of the 
musical notes, which were reproduced by ithe Edison 
instrument with the greatest clearness, and so loudly as to 
be heard in every part of the lecture-hall. The voice of 
the speaker at the Brighton exchange was also very clearly 
reproduced ; and although the reproduction was not so 
loud as in the case of the comet, the words spoken were 
heard distinctly at a distance from twenty to thirty feet 
from the instrument 


The Photophone. — In the year 1873 Mr. Willoughby 



Fig. 52. ® Fig 53. 


Smith discovered that when selenium was exposed to light 
its electrical resistance varied with the intensity of the 
light falling upon it, and shortly afterwards Professor W, 
G. Adams found that a ray of light falling upon a bar of 
selenium produced an E.M.F., causing the selenium under 
the influence of light to act like a small battery. Mr. 
Graham Bell and Mr. Tainter, after a long series of experi- 
ments, succeeded in constructing an apparatus in which this 
property of selenium was utilised for the reproduction of 
sound at a distance by the aid of luminous rays. The 
transmitter and receiver in their latest form are shown in 
Figs. 52 and 53. The transmitter, Fig. 52, consists of a 
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simple telephonic box, B, provided with a mouthpiece and a 
membrane of mica plated with silver, forming a mirror on 
which rays of light are directed, by means of an arrange- 
ment of mirrors and lenses, such as M, L, A in the 
diagram, from some powerful source, such as an electric 
lamp, or, better still, the sun. The rays, after reflection 
from the silvered surface of the membrane, are made 
parallel by passing through the lens, R, and the 
position of the instrument is adjusted so that these 
rays may fall upon the 
parabolic reflector, CC, of ^ 

the receiver, shown in Fig. 

53. This mirror is formed 1 

of copper, plated with silver, 
and in its focus is fixed a | 

selenium cell, S, in circuit I 

with the battery, P, and a 

pair of telephones, TT, ^ 

which are placed to the ears 
^ of the listener, as shown in 

the illustration. 'll 

( I Dr. Chichester BeWs 1 

i ► Water-Jet Telephone Trans- I 

<L mitter . — In the year 1886 % I 

• Dr. Chichester A. Bell read I 

• a paper at the Royal Society I 

® on “The Sympathetic Vibra- 

® tions of Jets,” in which n i-i^ 

gave an account of a series 
54. of experiments, some of 
which led to the invention of the water-jet transmitter. 
When a jet of water issues from a narrow orifice it gradually 
becomes discontinuous, breaks up into drops, as shown in 
Fig. 54, which is taken from an instantaneous photograph. 
One of Dr. Bell’s early experiments in this direction con- 
sisted of producing sounds by communicating either 
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mechanical or acoustic vibrations to a jet of this kind. 
The apparatus employed is shown in Fig. 55. It 
consists of a membrane of stretched india-rul)ber, form- 
ing a cap to a brass tube which can be raised or 
lowered by sliding in a larger tube resting on a heavy 
stand. The upper tube has an orifice at one side of 
the upper end, to which is attached a vulcanite trumpet. 
When a jet of water is allowed to fall upon the stretched 
membrane, either mechanical or sound vibrations com- 
municated to the jet can be reproduced. The loudness 
and distinctness of the resulting sound both increase up 
to a certain point as the distance of the membrane from the 
orifice is increased, but after passing this point, though 
the sound continues to increase in loudness, it begins to 
lose its distinctness, until ultimately it becomes a mere 
unmusical roar, when it will be found that the jet has 
become discontinuous above the membrane. When the 
jet is carefully adjusted so as to obtain the best effects, 
the loudness of the sounds produced is very striking ; for 
example, if the board to which the tube is attached is 
scratched with the finger, or if a watch is held in contact 
with the tube, the sounds produced can be heard distinctly 
throughout a room containing several hundred people. If 
the jet is allowed to fall upon the top of a narrow vertical 
rod, it spreads out into a nappe ; and Dr. Bell found that this 
nappe was capable of responding to vibrations just like the 
jet, and it is this property which is utilised in the construc- 
tion of the water-jet transmitter. The principle of the 
instrument consists in including the nappe of a jet of 
conducting liquid in a circuit traversed by a current from a 
battery, and containing an ordinary telephone. The nappe 
formed by the impact of a steady jet retains a constant 
diameter, but when thrown into vibration it undergoes 
periodic changes in diameter, and therefore also in resist- 
ance, which Dr. Bell considers to be due in part to the 
changes in diameter, and in part to changes in the contact 
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resistance, arising from the motions of the particles of 
liquid, so that the current passing through the circuit 
undergoes torresponding continuous vibrations in strength, 
as in other forms of telephonic transmitters. The simplest 
way of passing a current through it consists in allowing the 
jet to strike normally upon the exposed end of a platinum 
wire embedded in an insulator which is impervious to, and 
unaffected by, the liquid employed, and which is surrounded 
by a platinum ring which comes in contact with the outer 
portions of the nappe. 

The most suitable liquid consists of water acidulated 
with about of its volume of pure sulphuric acid. 

The battery must be of high E.M.F., but its resistance is 
of little consequence, owing to the high resistance of the 
transmitter. A battery of about twenty small zinc-carbon 
cells, charged with a solution of sal ammoniac, gives very good 
results with the liquid described, but the number of cells 
may be increased with advantage, not, however, to such an 
extent as to electrolyse the liquid, as the noise produced in 
the receiving telephone by the escape of gas bubbles would 
drown the sounds due to the vibratory changes in the jet. 
The pressure required increases with the size of the jet, and 
with jets of the most suitable siz| a pressure of a little 
under three feet of water gives the best results. 

A simple experimental form of apparatus is shown in 
Fig. 56. The jet tube, J, is mounted on the sound-board S. 
The receiving surface is formed by the end, E', of an ebonite 
plug. A platinum wire, E, passes water-tight up the plug, 
and its upper exposed surface forms the inner electrode of 
the transmitter. The outer electrode, E', consists of a small 
tube of platinum foil concentric with the upper extremity 
of the wire E, and insulated from it by the ebonite. After 
it has been fitted on, the top of the ebonite plug is turned 
off, so as to present a smooth continuous surface, slightly 
convex. 

Fine platinum wires welded to E and E' serve to connect 
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them with the terminals of the circuit, C is an ebonite cup 
which supports the plug, and receives the waste water which 
escapes through the tube T. F is a filter, closed by screw 
caps, K and K'. Through the upper cap pass two tubes, 
X and Y, which are connected with a reservoir and the jet 



respectively, by means of black india-rubber tubing. Two 
perforated ebonite discs are fitted within the cylinder, and 
the space between them is tightly packed with coarse 
cotton, which has been freed from grease by soaking in a 
solution of caustic potash, and been thoroughly washed 
with dilute sulphuric acid and water. The filter is 
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for practical work, as in addition to its requiring separate 
vessels to act as reservoir, and to receive the waste liquid 
respectively, it requires careful adjustment whenever it is to 
be used. The inventor has recently devised an apparatus 
(shown in Fig. 57) w’hich combines simplicity and certainty 
of action with durability. The whole apparatus is enclosed 
in a case of teak or mahogany about three feet high, and is 
protected in front by a cover which opens on hinges, and is 
provided with a lock and key. There is a round aperture 
protected by crossed copper wires opposite the transmitting 
jet, and in using the instrument the mouth of the speaker 
is placed at a distance of a few inches from this aperture, 
as it is neither requisite nor desirable to have a jet as 
sensitive as that of the experimental apparatus previously 
described. 

The electrodes in this instrument are formed of a plati- 
num wire passing up the centre of a glass plug and a 
concentric ring of fine platinum wire, glass being used in- 
stead of ebonite on account of its being found more durable. 
The jet and plug are contained in a glass tube attached to 
a wooden box, resting on the bottom of the case, which 
receives the waste liquid. 

The glass plug is rigidly fixed in a vertical position, and 
the jet is centrally adjulted over it by means of the four 
screws shown at the upper end of the containing tube. The 
filter is seen on the left-hand side of the jet ; its exit tube 
has its extremity enlarged into a bell which contains the 
cotton, and the fibres of this are prevented from passing 
into the narrow part of the tube by means of a piece of 
cotton material placed at the top of the bell. The 
reservoir consists of a second box similar to the first, placed 
at dbe top of the instrument, and is filled by taking out 
a 9 mm plug in the centre of its upper side, and pouring 
the liquid in through a funnel. 

The terminals of the receiving telephone are connected 
with the two left-hand binding screws, the lower one of which 
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is connected to one electrode of the transmitter, and the 
upper one to a pair of springs which make contact with the 
lever frorn which the telephone is suspended, when the 
latter is removed and the supporting hook is allowed to 
rise. The other electrode is connected with the lowermost 
of the binding sciews on the right, which is put to earth 
through the battery; the central right-hand binding screw 
is in permanent connection through the call apparatus with 
the line, and also with a spring which makes contact with 
the telephone lever when the telephone is hung up. To 
speak through the instrument the telephone is taken off, 
but the hook end of its supporting lever is prevented from 
rising by means of the vertical lever shown. The handle 
on the right-hand side of the case is now depressed, when a 
pin on its lower end draws back the vertical lever and 
allows the telephone hook to rise, placing the telephone in 
circuit with the line. 

The telephone lever in rising pushes up a brass rod 
hinged to it, thus lifting the left-hand end of the lever 
above the reservoir, and opening a valve w'hich allows the 
fluid in the reservoir to flow down an ebonite tube on the 
left-hand side into the filter. A second ebonite tube passes 
from the filter and opens into the top of the reservoir to 
allow air to escape immediately, if the filter has run partially 
dry from the instrument remaining unused for some time. 
The depression of the right-hand lever at the same time 
compresses an india-rubber bag shown in the centre of the 
case, and thereby drives air into the lower box through 
an ebonite tube seen on the right-hand side, which is 
provided at its upper end with a valve opening inwards, and 
forces liquid from the lower reservoir, through the other 
ebonite tube on the right hand, into the upper reservoir. 

The amount of liquid pumped up by one depression of 
the lever is sufficient for about seven minutes’ conversation, 
and as the average length of a conversation would usually 
be less than this, there will be enough liquid in the 
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upper reservoir to allow of a longer conversation as often as 
it is likely to be wanted, without pumping up fresh fluid, 
which, however, does not interfere in any way with the 
conversation being carried on. The object of the control 
lever, which keeps the telephone out of circuit until the 
right-hand lever is depressed, is to prevent users from 
forgetting to pump up a fresh supply each time. 

The instrument is chiefly valuable for use on trunk lines 
over long distances, as any leakage on the line can be 
compensated by using additional battery power, and very 
good results have been obtained with it on lines upwards 
of a hundred miles in length, and passing through six or 
eight exchanges, and therefore subject to a considerable 
amount of leakage. 

The Phonograph — The phonograph is not an electrical 
instrument, and therefore some apology is needed for 
giving a description of it in a volume devoted to the practi- 
cal applications of electricity. Historically, however, it is 
very closely related to the telephone, as it was Mr. Edison^s 
telephonic investigations which led up to the invention of 
this instrument 

Graham Bell, by his invention of the speaking telephone, 
had made it possible for conversations to be carried on 
irrespective of the distAice separating the speakers. Mr. 
Edison supplemented this by his invention of an instru- 
ment which in its present form enables spoken words 
and other sounds to be permanently recorded and repro- 
duced at will at any future time. Some more or less 
successful attempts have, moreover, been made by Mr. 
Edison to combine the phonograph with the telephone, so 
as to enable messages sent through the telephone to be re- 
cotded at the receiving station in the absence of a listener, 
and repeated by the phonograph at any convenient time. 

These considerations, combined with the great interest 
attaching to the invention, will, I trust, be considered as 
affording suffident ground for what at fir«5t sight might 
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seem like a somewhat arbitrary deviation from the plan 
of the present volume. 

The origihal form of the instrument, as designed in the 
year 1877, is shown in Fig. 58. It consisted of a brass 
cylinder upon which a spiral groove was cut, mounted upon 
a screw-threaded axis, and capable of being made to rotate, 
and at the same time move onwards in the direction of its 
length, by means of a handle. A heavy fly-wheel attached 
to the end of the shaft opposite to the handle enabled an 
approximately uniform rate of rotation to be maintained. 

A sheet of tin-foil was wrapped round the brass cylinder, 
and on this rested a metallic point attached to a metal 
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diaphragm stretched underneath a mouthpiece, as shown in 
the illustration. When the mouthpiece was spoken into, the 
diaphragm was set in vibration, causing the latter to vibrate 
up and down against the tin-foil just above the helical 
groove-cut in the cylinder, and make a series of indentations 
of varying depth in the foil. The reproducing arrangement 
consisted simply of a second diaphragm, held in a tube on 
the opposite side of the brass cylinder, and a metal point 
which was held against the tin-foil by means of a delicate 
spring. This mouthpiece could be placed in contact with 
the cylinder, or lifted off it, by means of a lever working 
upon a pivot, and when it was desired to reproduce speech 
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or other sounds from the tin-foil record, this mouthpiece 
was simply placed against the cylinder, the trumpet shown 
at the right-hand side of the illustration being attached to 
the end of the tube to increase the loudness of the sound, 
and the cylinder was made to rotate in the same direction, 
and as nearly as possible at the same speed as while the 
record was being made. Much more satisfactory results 
were obtained from this instrument when the handle for 
turning the brass cylinder was replaced by means of clock- 
w'ork, and a very beautiful instrument of this kind was 
made by Mr. Slroh ; and was exhibited, together with an 
instrument of the original type, by Mr. Preece, at a lecture 
delivered before the Physical Society of London in March 
1878. This was the first public exhibition of the new 
invention in this country, and it excited the greatest 
interest, the lecture-room of the Society being crowded with 
members and their friends. 

The meeting itself was perhaps the most uproarious 
meeting of a learned society on record; the mechanical 
reproduction, in a very ‘‘tinny'' voice, of such familiar 
rhymes as “ Old mother Hubbard went to the cupboard," 
and “We don't want to fight, but by Jingo if we do,” the 
latter of which was then a favourite music hall ditty, 
exciting roars of laugAer among the audience. Consider- 
able amusement was excited by a gentleman who attempted 
to sing the words of “Auld Lang Syne” into the instrument. 
After completing the line “Should auld acquaintance be 
forgot,” he found that he was singing too high, and he 
called out to Mr. Stroh, who was superintending the instru- 
ment, “Stop a minute; I will go on in a lower key !” This 
he proceeded to do, but as he had forgotten to take his 
mouth away from the instrument while making his sudden 
ejaculation, the instrument, in reproducing the song, 
stopped, and repeated the observation in exactly the same 
hurried tone in which it was originally made, after which it 
sang the rest of the song in the proper key. 
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Edison^s original instrument, however, was nothing more 
than a toy, for in the first place it required very careful 
adjustment and several attempts often had to be made, 
with a fresh piece of tin-foil each time, before the machine 
could be got to speak ; and in the second place, after the 
sounds had been reproduced two or three times, the record 
became worn out ; while, lastly, it was impossible to remove 
the tin-foil from the cylinder and replace it without injury. 

Edison made a great many attempts to remedy these 
defects, and among others he tried the effect of using a wax 
cylinder with tin-foil stretched over it, and actually took out 
a patent for this arrangement. His attempts, however, were 
unsuccessful, and ultimately he laid the instrument aside, 
for reasons which it may be as well to give in his own 
words, quoted from an interview published in the Electrical 
World — a New York paper — on November 12th, 1887, 
Speaking of the phonograph, Mr. Edison said — “ It weighs 
about one hundred pounds ; it costs a mint of money to 
make ; no one but an expert could get anything back from 
it ; the record made by the little steel point upon a sheet of 
tin-foil lasted only a few times after it had been put through 
the phonograph. I myself doubted whether I should ever 
see a perfect phonograph ready to record any kind of 
ordinary speech, and to give it out #gain intelligibly. But 
I was perfectly sure if we did not accomplish this, the next 
generation would. And I dropped the phonograph, and 
went to work upon the electric light, certain that I bad 
sown seed which would come to something.” Mr. Edison’s 
expectations were realised sooner than he anticipated. In 
the spring of 1881 an arrangement was made between 
Alexander Graham Bell, the inventor of the telephone, Dr. 
Chichester Bell, and Charles Sumner Tainter, resulting in 
the formation of the Volta Laboratory Association; this 
name being given to it because the capital with which the 
first start was made was provided by the Volta prize of 50,000 
francs, which had been awarded to Graham Bell by the 

12 
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French Government for his invention of the telephone. 
The object of this partnership was stated to be “ the study 
and elaboration of ideas, inventions, and discoveries relat- 
ing to the art of transmitting, recording, and reproducing 
sounds.” 

The actual work was mainly done by Dr. Chichester 
Bell, a trained physicist, and Mr. Taiiitcr, an exceedingly 
skilful and ingenious mechanic. The first part of their 
work consisted in studying the causes of failure in the 
phonograph, and they soon came to the conclusion that tin- 
foil or any other pliable substance was unsuitable, and that 
the record should be produced on a plate of some solid 
material ; and also that a satisfactory reproduction could 
not be obtained by any process of indentation, but that a 
cutting style must be used, adapted to grave or gouge out 
the material acted upon, in a groove, the bottom of which 
would thus be made to form a continuous wavy curve. 
This substitution of a continuous curve for the separate 
indentations of Edison’s instrument was as great an 
improvement upon the original phonograph as that which 
Graham Bell had effected in the telephone by substituting 
a continuous undulatory current for the series of inter- 
mittent currents produced by making and breaking contact 
in Reis’s telephone. 

After trying a large number of substances, a kind of wax 
containing a considerable proportion of paraffin was found 
most suitable, and after some years of continuous work a 
phonograph was produced, capable of reproducing sounds 
with great clearness, and apparently an unlimited number of 
times, the same wax cylinder having been made to repeat 
the words engraved upon it more than a thousand times 
without showing any signs of deterioration. 

The instrument was called the Graphophone or Grapho- 
phone-Phonograph, in order to distinguish it from Edison’s 
original instrument It was completed in the year 1885, 
and was exhibited privately to one of Edison’s associates at 
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Washington, and also to some members of the Edison 
Phonograph Company, which had been formed soon after 
the invention of the original instrument, and when it was 
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still hoped that it might be made a practical success. The 
instrument was patented in the following year. 

Its present form is shown in Fig. 59, whiclv exhibits an 
operator speaking into the instrument, while Fig. 60 shows 
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the operator reading a message, and writing it down on 
a type-writer. The cylinders are made of paper covered 
with a thin layer of wax, and are held in position in the 
machine by being gripped between conical projections on 
a pair of pulleys turning about axes in the same straight 
line. The cylinder is made to rotate by means of a driving- 
wheel worked by a treadle, and controlled by a governor 
of exceedingly ingenious construction, the invention of Mr. 
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Tainter. This governor is so constructed that, as long as 
the speed of the driving-wheel exceeds a certain minimum, 
the speed of the cylinder is maintained almost absolutely 
constant. The cylinder is not made to move forward as 
in the original phonograph, but instead of this, the cutting 
style with its diaphragm, or the recorder, as the case may 
be, is made to move along an axle with a screw-thread cut in 
it, which rotates parallel to the axis of the cylinder. While 
the machine is running, the motion of the cylinder and 
style can be started or stopped instantaneously by simply 
pressing a button, which is a great convenience both in 
dictating to the machine and in writing down from its 
dictation. In speaking to the instrument the operator is 
thus able, at the end of a sentence, to stop the motion of 
the cylinder, and so prevent any waste of space while he 
is thinking over the composition of his next sentence; 
and again, a clerk writing from the dictation of the 
instrument can take off as few words as he likes at a time, 
so that he can write down the record without any difficulty, 
either with a pen or upon a type-writer. Some of the 
instruments first made were constructed so as to speak 
loudly enough to be heard by a number of persons together 
without the assistance of a hearing tube. 

This was effected by cutting thi screw-thread of the axle 
which drives the recorder and transmitter rather coarsely, so 
as to leave a comparatively wide space between the different 
portions of the helix forming the record. 

In all the instruments which have hitherto been imported 
into this country, however, the thread is cut much finer, 
with the object of enabling as many words as possible to be 
put on each cylinder, and thereby minimising the number 
of cylinders required. This necessitates the use of hearing 
tubes, as shown in the illustration, Fig. 6o. For practical 
use this does not cause any inconvenience. One of the 
great advantages of the graphophone for practical purposes 
is that, when the machines have been properly adjusted at 
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some very beautiful instruments which he has recently 
constructed have been sent over to this country and 
exhibited by Colonel Gouraud. One of these is shown in 
Fig. 61. In these instruments he makes use of cylinders of 
considerable size made out of solid wax, and the instrument 
is provided with an arrangement for shaving off the surface 
of the cylinder before a record is made upon it, which 
produces an exceedingly true surface, and greatly improves 
the clearness with which speech and music can be re- 
produced, as it almost entirely obviates the slight scratching 
sound generally heard in the graphophone, owing to small 
inequalities in the surface of the wax. Mr. Edison’s instru- 
ments are mostly driven by small electro-motors energised 
by means of one or two bichromate or other convenient cells, 
and controlled by a centrifugal governor similar, on a minia- 
ture scale, to those which are employed on steam engines. 
This mode of driving the machinery has the advantage of 
making the speed extremely uniform, with the result of still 
further improving the quality of the reproduction. It is, 
however, not altogether satisfactory for general use, as 
primary batteries are troublesome things to keep in order, 
except in the hands of those who have some practical 
knowledge of electricity. 

Another defect, which will hav|* to be overcome before 
Edison’s new phonograph can be considered a really 
practical instrument for everyday use, is that whenever 
a new cylinder is placed upon it it requires careful adjust- 
ment, and will therefore not give satisfactory results except 
in skilled hands. 



CHAPTER XI 11. 

THE TELEPHONE EXCHANGE SYSTEM. 

When the telephone was first introduced into this country 
it was almost universally regarded by scientific men, both in 
England and America, as little more than a scientific toy, 
though a very beautiful and interesting one ; and although 
it was soon discovered that it would prove an instrument of 
great value for the purpose of electrical research, it might 
long have remained a mere laboratory instrument, had it not 
been for the practical acumen of Mr. Graham Bell’s father- 
in-law, Mr. Hubbard, who soon foresaw that the instrument 
might be turned to practical account; this was effected 
by the development of the telephone exchange system, in 
which Mr. Hubbard played a very important part 

Telephone exchanges were first introduced in America, 
where they soon proved a commercial success ; from there 
they spread into other countries, and before long their use 
became so general that at present business men would 
hardly know how to do without them. 

The simplest way of explaining in a short compass the 
principles of the telephone exchange system will be to give 
an account of the actual exchanges in some one place, and 
I shall select the London system of exchanges for that 
purpose. 

Fig. 62 is a plan of the exchange system existing in 
London at the beginning of 1888. The exchanges are 
denoted by circles, which are placed so as to make the 
diagram as simple a one as possible, and not in their relative 
geographical positions. 





Fig. 62. Plan of ] 
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Each of the exchanges is connected by one or more 
trunk wires, as they are called, shown by dotted lines 
in the diagram, with the central exchange at Oxford 
Court, Cannon Street. The continuous lines show the 
wires connecting the local exchanges, and the small 
figures attached to these lines show the number of wires 
between each pair of exchanges. There are at present 
about five thousand subscribers in connection with this 
system of exchanges, including the subscribers at Brighton, 
which is in connection with the London system. 

Every subscriber has a telephone fixed in his own house 
or office, and when he wishes to speak to another subscriber 
he goes up to his telephone and makes a call signal. This 
is transmitted to the local exchange with which he is con- 
nected, and one of the clerks at the exchange immediately 
replies to him. He then states the number of the sub* 
scriber with whom he wishes to speak, each subscriber 
having a certain number assigned to him. If the sub- 
scriber with whom he wishes to communicate is on the 
same local exchange, the clerk at once makes the required 
connection, provided the wire of the latter is disengaged — 
that is to say, if the latter subscriber is not actually using 
his telephone in speaking to some one else. If the second 
subscriber is on a different local Exchange, the clerk, if 
there is a direct wire connecting the two exchanges, signals 
his number to the second exchange, and then the clerks 
at the two exchanges connect the telephone wires from the 
houses of the two subscribers, through the wire joining 
the two exchanges. If, on the other hand, there is no 
wire directly connecting the two exchanges, the clerk at 
the first exchange calls the central exchange at Oxford 
Court, and indicates the subscriber with whom communi- 
cation is to be established. The clerk at the central 
exchange then passes on the number to the proper local 
exchange, and the clerk there sends a call signal to the 
subscriber, and then connects him to the trunk wire at 
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Oxford Court, so that the two subscribers are placed in 
communication through the central exchange. 

The manner in which these operations are carried out 
is fairly simple and easily understood. The set of tele- 
phone apparatus with which each subscriber is supplied 
consists of a carbon transmitter of the Blake pattern, a 
Bell receiver, a battery, and a small magneto-machine 



worked by a handle, for making the 
call signals. 

The telephone is suspended from 
a hook similar to that used in the 
water-jet transmitter, described in 
Chapter XII. While the telephone 
is on its hook the subscriber 
turns the handle of the magneto 
to call the exchange ; he then 
takes the telephone off the hook, 
thereby throwing the magneto out 
of circuit, and connects his receiver 
with the line as then described, 
except that the connection with the 
line is made directly when the hook 
rises, instead of by the subsequent 
motion of a lever. 

The exchange is provided with an 
instrument called a switch-board, 
and it will be easier to understand 
the process followed by considering 
in the first place a switch-board of a 
somewhat simpler construction than 
those usually employed in the Lon- 
don exchanges. Fig. 63 shows a 
simple form of switch-board adapted 
for fifty subscribers. 

When the person who wishes to 
call the exchange turns the handle 
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of his magneto, a current is sent through the line and the 
coils of a small electro-magnet placed at the back of 
the upper part of the board, immediately behind one 
of the drop-shutters shown in the illustration. The 
electro-magnet, being excited by this current, lifts a 
small catch, which allows the shutter to drop, disclos- 
ing the number of the subscriber. The clerk at the 
exchange then presses a plug connected with his own 
transmitter and receiver into one of 
the holes, shown in the lower portion 
of the board, marked with the same 
number as the one disclosed by the 
fall of the shutter. This connects 
the operator by means of what is 
called a “spring-jack,” shown in 
Fig. 64, placed at the back of the 
board, with the calling subscriber. 

The contact plug passes through 
the collar shown in the lower part of 
the illustration, and makes contact 
with the left-hand spring, at the 
same time lifting it off the contact 
button shown, and thereby breaking 
its connection with the right-hand ^ 
spring. The left-hand spring is in- 
sulated, and in connection with the 
calling subscriber’s wire, while the 
right-hand spring is earth-connected. 

When the operator has introduced 
his plug, he replies to the calling 
subscriber by means of his trans- 
mitter, and then listens at his Fig, 64. 

receiver until the subscriber who called has stated the 
number of the subscriber with whom he wishes to. 
communicate. 

When this has been done the operator inserts his plug 
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into the opening of the spring-jack corresponding to the 
subscriber who is to be called, and presses a key, which 
sends a current into the line, from a battery or other 
generator at the station, and rings the latter subscriber's 
bell. The operator then removes his own plug and places 
the two subscribers in connection by taking up a pair of 
plugs connected by means of a flexible wire cord, as shown 
in the illustration. They can then carry on conversation 
as long as they wish, and when they have finished each 
subscriber turns the handle of his magneto, and the 
current from this causes one of the clearing-out drops 
at the bottom of the board to fall, indicating to the clerk 
at the exchange that his line may be cleared. Subscribers 
often forget to give the clearing-out signal when they have 
finished their conversation, and an automatic arrangement 
is therefore sometimes adopted, which sends a clearing-out 
signal as soon as the subscriber has replaced his telephone 
upon its hook. 

If a number of switch-boards, such as that shown in 
Fig. 63, were used in an exchange in connection with a 
large number of subscribers, arrangements would have to 
be made for making connections across from one board 
to the other, and an operator on one side of the room 
would frequently have to shout across the room to one 
on the opposite side in order to tell him to make the 
required connection. An arrangement of a similar char- 
acter was actually employed in the earlier exchanges. The 
method, however, is very inconvenient, owing to the con- 
fusion caused by operators calling to each other from all 
parts of the room, and the multiple switch-board, a com- 
paratively recent invention, is now gradually displacing 
all such systems. 

The general arrangement of a multiple switch-board is 
shown in Fig. 65, which illustrates the multiple board at the 
Manchester Exchange, and shows the operators at work. 
Each operator has to attend to a group of as many 




Fig. 65 
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subscribers as she can conveniently serve, and the drop- 
shutters and annunciators belonging to these groups of 
subscribers are seen on the lower section the board. 
Each subscriber to the exchange is connected to a group 
of spring-jacks placed on the upper section of the board, 
and distributed in such a manner that one of them can 
be reached by every operator without moving from her 
place. The plugs for making the connection, and the 
flexible conductors connecting them, are the same as those 
already described, but the spring-jacks are slightly modified, 
being constructed and connected up in such a manner 
that the line coming from a subscriber passes behind the 
board and through all the spring-jacks of the same number 
without touching their metallic framework, and finally goes 
from the electro -magnet of the annunciator to earth. 
When a plug is introduced into one of the switch holes, 
for instance, that of the middle section of the board, 
the line passes directly to the plug and its flexible cord. 
To explain how connection is made between the subscribers, 
suppose that No. 25 has called the exchange. 

The shutter of his annunciator then falls, exposing the 
number, 25, and the operator takes a pair of plugs attached 
to one of the flexible cords, and inserts one of them into 
the spring-jack N0.025, at the same time depressing 
a key at the bottom of the board, which places her own 
set of telephone apparatus in circuit with the telephone 
wire of the calling subscriber. She then inquires what 
number he wishes to speak to, and I will suppose that 
No. 25 informs her that he wishes to speak with No. 
875. The clerk then touches the spring-jack No. 875 
with the plug attached to the further end of the flexible 
cord, one end of which is already in connection with 
No. 25. If the line is engaged she will then hear a 
noise in her telephone, but if no noise is heard she knows 
that the line is free, and she then inserts the plug and 
presses a second key, sending a current from a generator 



THE TELEPHONE EXCHANGE SYSTEM 191 


at the exchange to No. 875, thereby ringing his bell. 
She then lifts her hand from the call key, and the 
two subscriber* are in communication. When the con- 
versation is finished the subscribers turn the handles of 
their magneto call bells, causing the clearing-out drops to 
fall, and the operator then removes the plugs, which fall 
back, owing to the counterpoise attached to them, to their 
original position. 

In this country the use of the telephone is almost entirely 
confined to business men, and to them it is of the utmost 
possible value, owing to the rapidity with which com- 
munications can be made and replied to. In all the large 
American towns, however, it is extensively employed in 
private houses ; and, as all the principal shops are on the 
Exchange, the mistress of a house can sit down to the 
telephone and order whatever she may require during the 
day. 

The houses or offices of the professional men, and the 
cab-stands, are also in connection with the exchange, so that, 
for example, if a doctor is wanted in a hurry he can be 
called in a moment by telephone, and on receiving the 
message he can at once call for a cab, which he will find 
waiting at the door almost as soon as he is ready to start 
Fire and police stations are also in connection with the 
Exchange, so that if a fire breaks out in the house, or if 
burglars break in during the night, assistance can be 
obtained at once. 

I will conclude this chapter by an instance, which 
came within my own personal knowledge, of the value 
of the telephone for such purposes. A banker at a 
town in the United States was one night absent from 
home, and his wife was left with only women servants 
in the house. After she had retired to rest she heard 
some noise proceeding from the lower part of the 
house, which led her to believe that burglars had obtained 
an entrance. She at once got out of bed as quietly as 
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possible, went into her dressing-room, where a telephone 
was placed, called the police and asked for assistance. In 
the course of a very few minutes a part); of policemen 
arrived and captured three negroes who were engaged in 
robbing the house. 



CHAPTER XIV. 

DISIRI BUTTON AND STORAGE OF ELECTRICAL ENERGY. 

The great extent to which electricity is now being employed 
for lighting purposes, and also for driving machinery, makes 
the question as to the most efficient and economical means 
of distributing and storing electrical energy one of great and 
increasing importance. 

When the electric current has to be carried to any con- 
siderable distance, the electrical energy can be transmitted 
with greater economy, the higher the electro-motive force of 
the current. The reason of this is that the amount of 
energy which can be obtained from a current does not 
depend merely on the strength of the current, but is pro- 
portional to the strength of the current multiplied by the 
electro-motive force by which it is driven through the 
conductor. The case is very similar^to that of distributing 
water for the purpose of driving machinery by means of 
turbines, the amount of work that can be obtained by 
passing a given volume of water through a turbine 
increasing with the pressure at which the water is 
supplied. 

Now it has been pointed out in an earlier chapter that 
when an electric current traverses a conductor a certain 
amount of its energy is wasted in the form of heat, and the 
quantity of heat developed being proportional to the square 
of the current strength and to the resistance offered by the 
conductor, it follows that with a high electro-motive force a 
smaller current will be required to supply a given amount of 

13 
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energy than when the electromotive force is low, and 
therefore smaller wires can be used for conveying it without 
leading to an undue production of heat. , 

In the case of currents supplied from central stations for 
electric lighting and other purposes, the electromotive 
force, or electric pressure, developed by the dynamos is 
usually about two thousand volts. Currents at this pressure 
can be employed directly for supplying energy to a number 
of arc lamps, connected in series, for lighting open spaces 
or large public buildings, where the lamps do not have to 
be lighted up or put out one at a time. It would not do, 
however, to introduce a current of this pressure into a 
private house, for in the first place it would be exceedingly 
dangerous to life, and is therefore forbidden by law ; and 
even if it were allowable, it would only be possible to use it 
for incandescent lighting, by joining a very large number of 
lamps in series, and starting or putting them all out at the 
same time. 

Some method must therefore be adopted of transforming 
the current down to a much lower pressure. If the current 
is only to be used for electric lighting, it may be supplied 
directly to the houses from alternating dynamos at the 
central station, and transformed down to a low pressure, 
generally about one hundred volts, on entering the house, 
by means of a piece ot apparatus known as a transformer. 
This instrument is very similar in its general character to 
the induction coils described in a previous chapter. 

It will be remembered that an ordinary induction coil 
consists of a short thick coil of copper wire, wound round 
an iron core, and carrying a current of low electro-motive 
force. This current is made intermittent by means of a 
contact breaker, and at make and break, secondary currents 
are induced by it in a very much longer coil of fine wire 
wound outside the primary coil By means of such an 
instrument a current of low electro-motive force is made to 
give rise to one of much smaller strength, but of correspond- 
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ingly higher electro-motive force. A transformer may be 
considered as practically an induction coil in which the 
primary and ^condary currents are interchanged, and the 
contact breaker is done away with, since the current is an 
alternating one as it comes from the dynamo. 

In this system the circuit containing the lamps in a house 
is complete in itself, and has not any direct connection with 
the dynamo circuit. The currents which energise the 
lamps are secondary currents of low electro-motive force, 
but of considerable strength, produced by a primary current 
of much higher electro motive force and lower strength. 
The transformer is fixed in any convenient place in the 
house, being enclosed in an iron case and kept under lock 
and key, so that the dangerous currents are inaccessible to 
the inmates of the house. 

Another method of distributing the current is by means 
of secondary batteries. It has already been pomted out that 
no primary battery has yet been discovered capable of 
supplying electric current economically upon a large scale; 
but not many years ago Plants discovered that when an 
arrangement composed of lead plates, having their outer 
surfaces reduced to a spongy form, and immersed in dilute 
sulphuric acid, was traversed by an electric current, the 
resulting chemical changes transformed it into a battery, so 
that when the charging circuit waf interrupted, and the 
plates which had been connected to the two terminals of 
the dynamo, or primary battery, used for charging, were 
connected with each other, an electric current was produced, 
accompanied by a gradual restoration of the cell to its 
original condition, and that when this was attained the 
•current stopped. 

The name of secondary battery or accumulator has been 
.given to a cell of this kind, which acquires the property of 
^producing an electric current by having a current passed 
into it. The original Plantd accumulator has been consider- 
ably improved by Faure and others, and one of these cells, 
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as now constructed by the Electrical Power Storage 
Company, is shown in Fig. 66. 

The plates are made of sheets of lead perforated with a 
number of square pyramidal holes, filled up, in alternate 
plates, with a paste made of red lead and sulphuric acid, 
and litharge and sulphuric acid respectively. 

The terms accumulator and storage battery are now in 



Fig. 6G. 


very general use, but the reader should bear in mind that 
what is stored up is not electricity, but electrical energy — 
that is to say, the power of producing an electric current 
Storage batteries may be used instead of transformers in 
distributing the current from the central station, but, as 
they require skilled attention, they cannot be placed in the 
houses of consumers, and therefore have to be distributed 
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among sub-stations, each of which supplies a group of 
houses in its immediate neighbourhood. 

The cells !it each sub-station are connected up into a 
series of groups arranged in series — that is to say, with the 
positive plate of one cell in connection with the negative 
plate of the next, and so on ; and in order to charge the 
battery, the high potential current from the central station is 
allowed to flow into a set of several groups coupled up 
in series. 

When the batteries are charged the groups are dis- 
connected and connected up in parallel — that is, all the 
negative terminals connected together, and likewise the 
positive terminals, the cells in each group being still con- 
nected in series. The number of cells in a group is 
regulated so as to give a current of the desired electro- 
motive force from the sub-station to the consumers. The 
current provided in this way, being continuous in direction, 
is valuable, not only for electric lighting, but for driving 
motors or electro-plating. Alternating currents are not at 
present used for working electro-motors, as no satisfactory 
form of motor has yet been devised to work with such 
currents. The mains carrying the currents from a central 
station may either be carried overhead on poles or laid 
underground. 

In towns they are usually carried underground, as the 
heavy cables required to carry large currents are not only 
unsightly when carried overhead, but form a source of 
danger in case of breakage, owing to their great weight, 
and to the fact that they carry currents dangerous to life. 
Distribution by means of accumulators has the advan- 
tage of enabling the electromotive force to be kept 
extremely constant, and this is of the greatest importance 
in electric lighting, as any variation in the electro- 
motive force causes a fluctuation or flickering in the 
light. Another great advantage of the system of distribution 
by means of accumulators is that a much smaller plant is 
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required at the central station, because, under ordinary 
circumstances, the demand for current will be much greater 
at certain periods out of the twenty-four Tiours than at 
others, and when accumulators are used the dynamos can 
be kept at work charging them during the time when the 
demand is slack, thereby storing up energy to meet the 
heavy demind during the busier part of the day. When 
the distribution is effected by means of transformers, 
sufficient engines and dynamos have to be provided to 
meet the greatest demand that can possibly be made upon 
the station, and arrangements have to be made for throwing 
additional dynamos into the circuit as the number of lamps 
turned on increases, and this has to be done without caus- 
ing any flickering in the lights, which would be a great 
annoyance to consumers. 

The disadvantages of accumulators are — their high initial 
cost, the expense of maintenance and renewal, which is 
considerable, and the fact that they waste a much larger 
proportion of electrical energy than is done by a well- 
constructed transformer. 

There is another method for using current in the mains 
of a higher electro-motive force than is suitable for incan- 
descent lamps or electro-motors, consisting in the employ- 
ment of a special method of distribution, known as the 
three-wire system, which was patented by Dr. Hopkinson in 
the year 1882. 

It is only applicable to the distribution, at comparatively 
low pressure, of continuous currents, and is therefore not 
suitable for use at central stations which have to supply 
large districts. It is of great value, however, when all the 
houses supplied are included within a small area. 

It is not in that case necessary to employ a very high 
pressure in the mains, but it is of great advantage to employ 
a higher one than can be applied directly to the lamps. 
For example, the highest E.M.F. at which glow-lamps have 
been constructed to work is 100 volts, and by means of the 
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three-wire system a pressure of some 200 volts may be 
employed in the mains. This is advantageous in two ways. 
In the first place, it reduces the effect of small variations of 
potential at the dynamo terminals. For example, in the case 
considered, a variation of 5 per cent, in the E.M.F. in the 
mains would produce a variation of only 2^ per cent, at 
the lamp terminals, so that the lamps would burn much 
more steadily. It also enables a much smaller weight of 
copper to be employed in the mains, and thereby greatly 
reduces the cost of the installation, and enables the light to 
be supplied with profit at a lower rate than would otherwise 
be possible. 

In this system two dynamos are employed, the negative 
terminal of one being attached to one main, called the 
negative main, and the positive terminal of the second 
dynamo to the other, or positive, main. The other ter- 
minals of the two dynamos are attached to a separate main 
known as the balancing wire, and the lamps and motors each 
have one of their terminals connected with this balancing 
w'ire, while the others are attached, in as nearly as possible 
equal proportions, to the positive and negative main respect- 
ively. If the resistances of the lamps and motors in the 
two circuits are exactly equal there will be no current along 
the balancing wire, and the greater Ijjie inequality the greater 
will be the current along this main. As the balancing wire 
has to carry much less current than the other two mains it 
is made much smaller, and this system of distribution is 
found to effect a considerable saving in the amount of 
copper necessary for the mains. 

When the electric current is carried from a central station 
to houses at a considerable distance the electro-motive force 
gradually diminishes as the distance from the station in- 
creases, and, as has been explained in a previous chapter, the 
fall of potential between any two points is proportional to the 
resistance between them ; so that, if a good many consumers 
are supplied from different points of the same main, the lamps 
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of those at a greater distance will not be nearly as bright 
as those close to the station. In order lo remedy this 
defect as far as possible a system of feedeis should be 
employed — that is to say, a series of mains should be 
provided running from the central station to various 
distant portions of the house mains, no current being 
taken off at any intermediate portion of the feeder. 

This system is extensively used on the Continent with 
very satisfactory results, but hitherto it has not been 
very generally introduced into this country. When street 
lamps are lighted by electricity the current is usually 
supplied at an annual charge for each lamp, definite 
stipulations of course being made as to the number of 
hours during which the lamps are to be kept alight. In 
private houses, however, or in factories or workshops where 
the current is used either for giving light or for working 
electromotors, the current is usually charged for according 
to the amount consumed. 

Meters which measure the amount of current passed 
through them, just as gas-meters measure the amount of 
gas, are fixed in the houses ; but these meters do not, as in 
the case of gas-meters, absolutely ensure the consumers 
getting what they pay for, for the electrical energy obtainable 
from the current depends on the electro-motive force as 
well as on the quantity, so that if the former is allowed to 
fall below a certain value the consumer will be paying too 
high a price for his supply. Unfortunately, no completely 
satisfactory simple meter has yet been devised for measuring 
electrical energy instead of simple current strength; but a 
good many inventors are working at the subject, and we 
may hope that before long they will be successful in 
producing a simple and efficient meter of the kind so 
urgently required. 

The different forms of meter employed for measuring 
the amount of current supplied are far too numerous 
for me to attempt to give a detailed description of 
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them, for hardly a week passes without a new one being 
patented. 

The first Current-meter was invented by Edison, who 
exhibited it at the Paris Exhibition in 1881, since which 
time it has been very largely employed in measuring 
currents supplied from central stations. In its original 
form this meter consisted of a pair of copper plates sus- 
pended from the ends of a balanced beam, and dipping 
into a solution of sulphate of copper. 

A continuous current passing through the solution carried 
the copper from one plate and deposited it upon the other 
until the difference of weight was sufficient to tip over the 
balanced beam. When this happened it was registered by 
means of a counting mechanism, and at the same time the 
direction of the current through the meter was reversed, so 
that the copper was carried from the heavy to the light 
plate until the latter became heavy enough to tip up the 
beam and again reverse the current. 

In this w^ay the process went on continuously. The 
whole of the lighting current was not sent through the 
meter, for unless this were to be made of immense size the 
resistance would be so great as to reduce considerably 
the strength of the current, and therefore the meter was 
attached as a shunt to the main ciyuit, and was traversed 
only by a fraction of the whole current. 

The meter in this form w'as, however, found to be open 
to serious objections. The resistance of electrolytes is 
always found to diminish as the temperature increases, 
while that of metallic conductors increases with the tempera- 
ture. In hot weather, therefore, the resistance of the 
sulphate of copper would be diminished, while that of the 
copper lead would be increased, causing a larger proportion 
of the total current to go through the meter in hot weather 
than in cold. 

'I'he making and breaking of contact necessitated by the 
use of a commutator, for reversing the current, also led to 
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endless trouble, so that the meter had to be modified, and 
in its present form zinc plates dipping into a solution of 
sulphate of zinc are employed. The plates are examined 
and weighed once a month, and fresh ones are inserted as 
the old ones are worn out. A thousandth part of the 
total current is usually sent through the meter; and the 
proportion of current going through the meter is main- 
tained fairly constant within a considerable range of tem- 
perature, by placing a copper resistance in series with the 
solution, so that when the temperature rises the increase in 
the resistance of the copper may balance the decrease in 
the resistance of the solution. The alternative path of the 
current is made of German silver, the resistance of which 
changes very little with the temperature. These meters 
may be depended on to about 3 per cent.,* and are in very 
general use. 

Professors Ayrton and Perry have designed an entirely 
different type of meter intended to fulfil the condition, the 
desirability of which I have already pointed out, of 
measuring the electrical energy directly instead of merely 
the strength of the current. 

The instrument consists essentially of a good clock, the 
pendulum bob of which is formed of a coil having a 
resistance of about a ithousand ohms. A coil of short 
thick wire, having only a small resistance, is fixed to the 
clock case, parallel to the coil forming the pendulum bob. 

The current, as it enters the house, passes through this 
coil of thick wire, from which it is carried to the lamps, 
motors or other electric machinery in the house, and then 
passes away to the street main, or to another house. The 
terminals of the fine wire coil of the pendulum pass up the 
pendulum rod, and one of them is connected to the 
terminal of the thick wire coil where the current enters, the 
other being connected, by means of a fine wire, to the 
house main where it leaves the bouse. 

The current passing through the pendulum bob will then 
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depend on the difference of the electro-motive forces in the 
main, where it enters and leaves the house respectively, 
whereas the current passing through the thick wire coil is 
practically equal to the total current working the lamps and 
motors. Now the amount of energy absorbed in the house 
is proportional to the product of the strengths of these two 
currents, and whatever variation may take place either in 
the strength of the current, or in the electric pressure, the 
loss of the clock in that time, due to the mutual actions of 
the currents, will be exactly proportional to the amount of 
energy absorbed- This meter has been somewhat modified 
and improved by Dr. Aron in Germany, and is used in 
connection with the Berlin central stations. 

Among the meters which have been designed for use with 
alternating currents I will only mention two as types. 

The first of these has recently been devised by Mr. 
Schallenberger, electrician to the Westinghouse Company 
at Pittsburg, in the United States. It consists essentially 
of a circular iron disc mounted upon a vertical axis, and 
connected with a train of mechanism to count its revolu- 
tions. A coil of w’ire carrying the current to be measured 
is wound round one of the diameters of this disc, and a 
second coil, having its terminals connected together, so as 
to form a complete circuit in it^lf, is wound round a 
second diameter, which is inclined to the first at an angle of 
45“. When the alternating current is sent from the first 
coil a series of secondary currents are produced in the 
other. Now the main current will at any moment magnetise 
the iron disc in a certain way, and, as the result of this 
magnetisation, the secondary current induced in the other 
coil will make the disc begin to rotate. When the primary 
current falls to zero the induced current will magnetise 
the disc, and the arrangement is such that the reaction 
between this magnetisation and the following current in 
the circuit will continue to cause rotation in the same 
direction. 
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The other meter was invented by Professor Forbes, and is 
suited for the measurement cither of continuous or alter- 
nating currents, as its indications depend on the amount of 
heat developed by the current passing through a short spiral 
coil of thick wire fixed horizontally within the meter. The 
heating of this coil sets up convection currents in the air, 
which turn a sort of small w^indmill arrangement fixed above 
the coil. The vertical axis about which the w’indmill turns 
is connected with a train of wheelwork which serves to count 
the revolutions, and the amount of current which has passed 
through the meter will therefore be known when the 
relation between the total amount of current — viz., the 
product of the current strength by the lime, and the 
number of revolutions — has been determined once for all. 



CH\PTER XV. 

ELECTRIC LIGHTING. 

If a strong electric current, such as may be obtained frorrl 
a dozen or more Grove cells, is passed through a circuit 
containing two pieces of carbon in contact with each 
other, the resistance at the point of contact is so 
great that the carbons will become white hot. If they are 
then separated a short distance an arc of light will be 
formed between them, the carbon in the meantime 
gradually burning away, especially the one in connection 
w’ith the positive terminal of the battery. Wh:n the 
distance between the two carbon points exceeds a certain 
amount, depending on the electro-motive force in the 
circuit, the arc will be extinguished, and cannot be obtained 
again until the carbons are brought into actual contact, 
as the electro-motive force of the battery is not sufficient 
to drive a current through an appreciable thickness of 
air resistance, though it can mairftain the current across 
the arc when this is once formed, owing to the resistance 
of an arc of a given length being incomparably less than 
that of the same length of cool air. 

For a good many years light obtained in this way has 
been used to a considerable extent when a very strong 
light was required for lecture experiments, and sometimes 
also for magic lantern exhibitions, when cost was not a 
matter of great importance. As, however, independently 
of the initial cost of the batteries, the zinc and acid used 
in maintaining a single bright arc light for a few hours 
might cost from ten shillings to a pound, it is dear that 
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it would be quite hopeless to think of employing the 
electric light obtained in such a manner for general 
lighting purposes. 

The invention of the dynamo, however, makes it possible 
to produce electric current by the consumption of the com- 
paratively cheap fuel, coal, instead of the more costly zinc, 
which is the fuel usually employed in primary batteries. 

There are two distinct systems of electric lighting adapted 
to meet totally different requirements — viz., the systems 
known respectively as Arc Lighting and Incandescent 
Lighting. 

Arc Lighting. — The electric arc which I have just 
described gives an exceedingly powerful light, and when 
protected by globes of opal glass or other translucent 
substance, to shade the eye from the direct glare of the 
light, it is extremely suitable for street lighting and for use 
in railway stations, factories, and other large buildings. 

The number of different kinds of arc lamp are almost 
innumerable, but those employed for ordinary lighting 
purposes are invariably automatic — that is to say, they are 
provided with some arrangement by means of which 
the carlxm points, as they bum away, can be main- 
tained at an approximately constant distance apart The 
only way of doing this that has really proved a practical 
success consists in t ie use of some clectro-magnctic 
arrangement, according to which, when the distance becomes 
too great the weakening of the current, by diminishing the 
magnetisation of a small electro magnet, allows its armature 
to fall, and sets in motion a train of mcchani.sm by which 
the carbon [)oints are made to approach each other, 
thereby diminishing the resistance, so that the current is 
again able to magnetise the electro-magnet sufhciently to 
stop the mechanism. 

The lamps employed at the lime when the electric 
light was only used for lecture purposes were exceed- 
ingly complicated in structure, and were moreover very 
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unsatisfactory, as the regulation was far from perfect, the 
light at times becoming dim and then suddenly flashing 
out into Its priginal brilliancy. Most of those, however, 
which are now in use are very satisfactory, as may be seen 
from the steadiness of the arc lamps in any well-managed 
installation. 

Arc lamps are usually connected together in series, 
and arc supplied with a constant current. Many of the 
circuits are of a considerable length, some in America 
attaining to as great a length as twelve miles, while 
circuits of eight miles in length are frequently em- 
ployed by the Thomson-Houston Company, \^ho have 
carried out a very large number of installations both in 
America and in Europe. The steadiness of the light will 
not only depend upon the mechanism of the lamps, but 
quite as much upon the mechanical and electrical governors 
employed for maintaining the constancy of the current 
Defects in the regulating apparatus are chiefly notice- 
able when lamps are switched into or out of the circuit, 
as, in order to prevent fluctuations in the light, the governing 
apparatus must be suthciently sensitive to cause the d>namo 
to respond at once to the demand made upon it for extra 
current, or to siipjdy a smaller current when the load is 
diminished, and even if the electrical governing system is ail 
that can be desired, the engine go#crnor must likewise be 
extremely sensitive, so as to enable the engine to begin at 
once to supply the extra amount of work when additional 
lamps are thrown into the circuit, or to supply less work 
when lamps are cut out If the lamps are supplied from 
accumulators, then of course the regulation of the engine 
ceases to be a matter of primary importance. The number 
of lamps included in any one dynamo circuit will depend 
of course upon the capacity of the dynamo, upon the 
current absorl>ed by each lamp, and upon the difference of 
potential whicli is to be maintained between its terminals. 
The quality of the carbons aUo exerts an important effect 
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on the steadiness of the light unless the electrical regulation 
is extremely good. 

The first experiments on the production of^an electric arc 
between carbon points were made by Sir Humpl^rey Davy 
with carbons consisting simply of sticks of wood charcoal, 
but it was soon found that this material was much too soft 
for the purpose, as it burned very rapidly, giving off 
numerous sparks. Recently, however, Gaud in has gone 
back to the use of rods of wood’ charcoal, which, however, 
have their density very greatly increased by being soaked in 
some liquid hydrocarbon, in order to fill up their pores ^^^^d 
are then fired, the process being repeated until the desired 
density is obtained. The first improvement in the carbons 
used for producing the electric arc is generally considered 
to have been made by Foucault, and consisted in replacing 
the rods of wood charcoal by rods sawn out of gas carbon. 
The principal points which have to be aimed at in the 
manufacture of carbons for arc lighting are, in the fir^t place, 
to obtain a carbon of regular density, of as low electrical 
resistance as possible, and free from admixture with other 
substances; and in the second place, to produce rods of 
sufficient length to burn as long as may be required, 
perfectly straight and cylindrical in form. Various pro- 
cesses are employed to attain these results, and the manu- 
facturers usually do ihc^r best to keep them secret ; but the 
general procedure in all of them consists in first reducing 
coke or graphite to a fine powder, and then washing it with 
an alkaline solution, to free it from silica and earthy 
impurities; after this it is formed into a stiff [xiste by 
mixing it with a sufficient quantity of some tarry hydro- 
carbon, and the paste is then forced under pressure into 
moulds of the re<juired form. When the rods arc taken 
cut of the moulds they are dried and packed in air tight 
boxes, the empty spaces between the rods being filled up 
with coke dust, after which they are fired in a kiln. It is 
genetaily found necessary to repeat the process of soaking 
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in hydrocarbon, with the subsequent firing, at least twice, 
and in the case of the best carbons it is usually repeated 
several times. * 

When a sufficiently sensitive system of electric govern- 
ment is employed, very good results can be obtained even 
with inferior carbons, and many of my readers will probably 
remember the lighting of the American and Italian Exhibi- 
tions in London in 1887 and 1888, which were carried 
out on the Thomson-Houston system; and although the 
commonest American compressed carbons were employed, 
the steadiness of the light was everything that could be 
desired. 

Arc lights are extremely suitable for use in lighthouses, 
as the great brilliancy of the light enables it to be seen, at 
a considerable distance, even in foggy weather. This was 
recognised at a comparatively early period, and before the 
invention of the modern dynamo, which first made possible 
the general introduction of the electric light, several of the 
more important lighthouses were provided with arc lights, 
the current of which was supplied from large magneto 
machines, built up of a great number of permanent magnets, 
with coils revolving between them. Most of our ironclads 
are now supplied with powerful arc lights, provided with 
reflectors, and known as search-lighjp, to enable them to 
discover the presence of torpedo boats, and to destroy them, 
by aid of their quick-firing guns, before they have got near 
enough to do any damage. 

What are known as hand-feed lamps are usually em- 
ployed for search-lights — viz., lamps in which the carbons 
are manipulated by hand instead of by an automatic 
arrangement Fig. 67 illustrates a simple form of hand- 
feed lamp, manufactured by Messrs. Ernest Scott & Ca^ 
of Newcastle, and designed for search-lights, or for use 
with microscopes or magic lanterns. 

For use as search-lights these hand-feed lamps are 
provided with a system of lenses for concentrating the 
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light into a single beam. The whole arrangement is 
mounted in such a way as to allow of the beam being 



Fig. 67. 

thrown in any direction required. A simple form of pro- 
jector, as an apparatus of this kind is called, manufactured 
by Messrs. Scott, is shown in Fig. 68. 


ELECTRIC LIGHTING. 
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Arc lights are also employed to a considerable extent as 
signals on board large passenger steamers and yachts which 
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have electric lighting machinery on board, as is now gener- 
ally the case, most of the more important passenger 
steamers and the larger yachts having their saloons and 
cabins lighted by incandescent electric lamps. 

A great many makers have designed very compact com- 
binations of engines and dynamos intended specially for use 
on board ship, where space is limited, and one of these is 
shown in Fig. 69, which illustrates a combination manu- 
factured by Messrs. Mather & Platt, of Manchester, con- 
sisting of a very effective and compact form of dynamo, 
known as the “ Manchester Dynamo,” driven from a double- 
cylinder diagonal engine, by means of a short belt provided 
with tightening gear, as shown in the illustration. 

Another very interesting application of arc lighting to 
shipping purpos^ is afforded by the arrangements which 
have been adopted within the last few years for making the 
passage of the Suez Canal at night 

Up to the year 1885 no night traffic through the canal 
was permitted, but in that year it was decided to allow 
vessels of war and those carrying mails, if furnished with 
electric lights in accordance with the regulations laid down 
by the canal company, to traverse at night any portion 
of the canal between Port Said and the Mediterranean 
entrance, about a third of the entire distance. The first 
vessel which availed itself of this permission was the steam- 
ship Carthage, belonging to the Peninsular and Oriental 
Steam Navigation Company, which made the passage 
by the aid of the electric light with perfect success in 
April 1886, and the example was followed shortly after- 
wards by other vessels with such success that the company 
decided to extend the permission to all vessels, and at the 
same time, by providing beacons and light-buoys to guide 
the vessels during the night passage, navigation by night 
was made possible throughout the whole canal 

The company stipulates that all vessels availing them- 
selves of this permission should be provided with a pro- 
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jector search-light, fitted upon a platform large enough to 
accommodate a man to manipulate the light, the platform 
being connected to the vessel as near to the water’s edge as 
possible, and an automatic electric lamp suspended upon 
the bridge, capable of illuminating an area two hundred 
yards in diameter round the vessel The man on the 
platform regulates the position of the carbons of the search- 
lamp by hand, and at the same time he depresses or 
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deflects the light to either side in accordance with the 
orders of the pilot upon the bridge^ the orders being 
usually given by means of a telephone. 

The placing of the projector close to the edge of the 
water, so that the light may be hidden under the bow of the 
ship, is an essential point, for any direct rays of light 
intervening between the pilot and the distant illuminated 
object, by means of which he is steering the vessel, would 
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dazzle his eyes. Fig. 70 shows a vessel so fitted passing 
through the canal 

The lamp suspended over the bridge lights up the whole 
deck of the vessel and the canal with its banks on either 
side, and is only intended for use when passing other vessels 
which are tied up at the passing stations, or to provide 
light for a vessel thus tied up in order to allow another one 
to pass. Several of the chief coaling firms at Port Said 
have now provided themselves with sets of portable electric 
lighting plant fulfilling the requirements of the company's 
regulations, and any vessel which does not possess a plant 
of its own may hire one of these for a fee of ;^io. 

Electric Candles . — Before passing on to describe the 
system of incandescent electric lighting I must not omit to 
mention the Jablochkoff electric candle. 

This consists of a pair of carbon rods, placed side by 
side, and separated by a strip of insulating material, usually 
consisting of a kind of porcelain. The current passes up 
one carbon and down the other, forming an arc at the top, 
and the porcelain gradually burns away with the carbons. 

In order to start the arc when the current is turned on, 
the top of the candle is generally tipped with a paste made 
of powdered carbon and gum. The Jablochkoff candle is 
of considerable interest historically, as it was employed 
in lighting up the Avenue de L!Opera in Paris in 1878, 
which was the first example of street lighting by means 
of electricity. It was also employed on the Victoria 
Embankment in London, and in many other places. 

In the case of the current being accidentally interrupted 
the candles will go out, and they will not re-ignite them- 
selves ; but a still more serious defect is that the resistance 
of the arc undergoes constant variation, owing to impurities 
and variations in the density of the porcelain, so that the 
light is extremely unsteady. 

Sonie modifications of Jablochkoff's original candle have 
beetl iimbed in order to overcome these defects, and in 
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some cases with considerable success, but their use is not 
sufficiently extensive for it to be necessary for me to 
describe them here. 

Incandescent Lighting . — Arc lamps are not at all suitable 
for the lighting of rooms in dwelling-houses, or for the 
lighting of the interiors of theatres, as the light is far too 
intense : what is required for such purposes is a con- 
siderable number of centres of light of moderate intensity, 
and not one or two centres of very high intensity, such as 
are given by arc lamps. This requirement is completely 
fulfilled by what are known as incandescent or glow lamps, 
which moreover lend themselves exceedingly well to decor- 
ative purposes, much better indeed than gas-burners. 

The principle of the incandescent lamp consists in 
passing the current through a wire or filament of some 
substance which is only fusible with difficulty, and which 
has a comparatively high electrical resistance. 

The heat generated by the passage of a current through 
such a wire, or filament, raises it to a white heat, and 
provides a source of light very much whiter than ordinary 
gas-light, and which has many other important advantages 
over it. In the first place, although the filament itself 
is maintained at an exceedingly high temperature, a glow- 
lamp has much less heating effect in a room than a gas- 
burner, because the surface of #the heated filament is 
exceedingly small, and it is enclosed in an exhausted glass 
vessel, while the gas flame is in immediate contact with the 
air, and soon distributes its heat over a room by means of 
the strong convection currents which it sets up in the air in 
its neighbourhood. 

The electric light again can be turned on or off without 
having to be lighted, so that the light can be turned on as 
one enters a room by simply pressing a button or turning a 
switch near the door ; and if light is wanted in a bedroom at 
night it can be turned on, without the slightest danger, by 
means of a switch which can be reached firom the bed. 
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The greatest advantage, however, of the electric light 
over illumination by means of gas, is the complete absence 
of any process of combustion, so that the air in the rooms 
in which it is employed does not become vitiated by the 
absorption of oxygen, and the liberation of carbonic acid 
and still more deleterious compounds, such as sulphurous 
acid and sulphureted hydrogen, which are always formed 
when gas is burned, and which gradually cause the covers 
of books in the library to become rotten, discolour the 
gilding of picture-frames, and make it impossible to keep 
most kinds of plants alive in rooms where gas is burned. 

The first electric glow-lamp was invented by Demoleyns 
as far back as the- year 1841, a platinum wire being 
employed as the filament In 1845 carbon was first used 
for the purpose by Starr of Cincinnati; and in order to 
prevent the combustion of the carbon he placed it in a 
closed glass vessel, from which the air had been exhausted, 
as is now invariably done in all glow-lamps, whatever the 
material employed for the filament These lamps, how- 
ever, were invented before the development of the dynamo 
had made electric lighting possible on a commercial scale, 
and they accordingly dropped out of sight until, in the 
year 1873, the Russian physicist Ladiguine turned his 
attention to the subject, and his investigations were con- 
sidered of such importac\ce that he was presented with a 
prize by the St Petersburg Academy of Sciences, The 
report which was drawn up for the occasion by the Russian 
physicist Wilde contains a very clear and succinct state- 
ment of the advantages of carbon for glow-lamp filaments. 
Carbon, said the report, has, at an equal temperature» a 
greater radiating power than platinum, while its thermal 
capacity is much smaller, so that the same amount of heat 
will raise a carbon filament to a much higher temperature 
than a platinum wire. Moreover the electrical resistance 
of carbon is about two hundred and fifty times greater 
than Ifcat of platinum ; and the carbon may therefore be 
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made thicker and yet rise in temperature as much as the 
metal. Carbon, moreover, is infusible, and its temperature 
may therefore* be raised without any danger of fusioiL 
In the year 1879 Edison constructed a lamp in which a 
carbon filament was employed. It was prepared by cutting 
small sheets of brown paper in the form of a horse-shoe, 
placing several of these sheets together, and then heating 
them to a high temperature in an iron mould. The life of 
a lamp provided with a filament of this kind was however 
very short, as the carbon soon became disintegrated by the 
action of the current. In the year 1880 Edison improved 
this lamp by substituting carbonised bamboo for carbonised 
paper ; and some improvements were introduced by Swan, 
who in November of the same year exhibited the first 
incandescent lamp shown in England to the Society of 
Telegraph Engineers. Swanks carbon filaments are made 
of strings of cotton about four inches long, having their 
ends enlarged by winding additional cotton round them. 
These threads are soaked for some time in a mixture of 
sulphuric acid and water, which causes them to assume the 
hardness and compactness of parchment The filaments 
are then thoroughly washed, so as to remove every trace of 
acid \ after which they are passed through dies with circular 
holes in them, in order to reduce them to a uniform cross 
section. The filaments are then ^ound upon rods of 
carbon or earthenware, so as to give them the required 
form before carbonisation. They are carbonised by bury- 
ing them in powdered charcoal contained in a crucible, and 
raising them to a very high temperature in a furnace for a 
period of several hours. The filaments are mounted by 
having their thick ends inserted into split metal tubes, 
which are made to clasp them tightly by means of sliding 
rings, the arrangement being exactly similar to a port- 
crayon. Platinum wires are attached to the upper ends of 
the metal tubes, and pass out through the glass. 

Edison’s lamps, as improved by Swan, are now very 
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generally employed, being manufactured by the Edison and 
Swan United Electric Light Company, which was formed 
for working the patents of these two inventbrs. The first 
stage in the manufacture of an Edison-Swan incandescent 
lamp consists in attaching the prepared filament to its 
platinum wires, and mounting it upon a glass bridge, little 
beads of glass being formed at the same time on the wires 
where they are to pass through the walls of the lamp. The 
glass globe is then blown very much in the shape of a pear, 
the glass tube out of which it is blown taking the place of 



the stem of the pear. The lower portion of the tube is 
then cut off with a file, and the carbon, with its platinum 
wires, fused into the upper half, after which the two 
portions of the globe are joined together by the blow-pipe. 

The lamp is then exhausted of air, first by means of an 
ordinary air pump, and finally by means of a Sprengel 
mercury pump, with which a very high vacuum can be 
obtained. Before the lamp is removed from the Sprengel 
pump it is submitted to a process known as flashing. 

This consists in raising the filament to incandescence by 
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passing an electric current through it, which expels any gas 
that has been absorbed by the carbon, and at the same time 
increases its density. The filament is usually raised to 
incandescence and then allowed to cool, several times in 
succession, the process of exhaustion going on all the time, 
so as to remove all the gases that are given out by the 
filament. 

The general appearance of the 
lamps when completed is shown in 
Figs. 71 and 72, Fig. 71 showing a 
lamp which is intended to be hung 
with the larger end downwards by 
inserting into the two loops, attached 
to the cap which forms the termina- 
tion of the small end, the ends of 
the conducting wires, which are bent 
into the form of hooks for the pur- 
pose; while Fig. 72 shows another 
lamp having a filament of somewhat 
different shape, and which is intended 
to be inserted in a holder such as 
that shown in Fig. 73. 

Theatre Lighting , — The system of incandescent electric 
lighting presents special advantages for the lighting of 
theatres, the most important of whicf! is the almost absolute 
safety which it provides against danger from fire, when the 
installation is properly carried out. 

Whether gas or electricity be employed, the lighting of 
the auditorium can be carried out just as safely as that of 
an ordinary house, but the illumination of the stage is a 
very different matter. 

To begin with the part visible to the audience : the foot- 
lights, when gas is used, are simply naked gas-lights, and 
numerous accidents have occurred from the dresses of 
actresses catching fire from their approaching too near 
to these naked lights. When the electric light is 
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employed the foot-lights are all hermetically sealed glass 
globes, which could not ignite the most flimsy material, 
unless it were left in contact with them for a consider- 
able time. The principal source of danger, however, is 
to be found, not in the foot-lights, and the permanent stage 
lamps which are attached to battens suspended from 
the roof, but in the movable lights which are attached 
to the different portions of the scenery, being fixed to 
what are sometimes called stage-ladders, which are hung 
on to the movable scenery wherever they are required. 
Any one who has been behind the scenes of a theatre^ 
and has observed the close proximity of these lights to 
the inflammable scenery, will only wonder that fires are not 
of more frequent occurrence in theatres where gas is em- 
ployed. When incandescent lamps are used instead of gas- 
lights, this danger is entirely obviated, provided the most 
elementary precautions are taken, for the electric lamps 
will not ignite even paper or muslin merely brought into 
momentary contact with them, though such materials 
would take fire in the course of time if they were wrapped 
round the lamps, or allowed to rest upon them while 
incandescent 

It is of course necessary in carrying out an electric 
light installation in a theatre, as in a private house or 
elsewhere, that the work should be done in a proper 
manner, and by men who understand their business; 
for if the work were carelessly done, heating might take 
place, owing to bad contacts; or if the positive and negative 
mains were brought too close together at any point, an 
arc might be formed across them. A good many fires 
were caused in this way in some of the earlier installations ; 
for before people had become generally alive to the fact 
that a badly carried out installation might be a source 
of very serious danger in this direction, unskilled workmen 
were allowed to carry out the work without proper super- 
vision. As regards the comfort of the audience, the 
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electric light also possesses a very great advantage over 
illumination by gas, on account of its comparatively small 
heating effect. • 

Any of my readers will be able to test this for themselves, 
if they have not already done so, by comparing the atmo- 
sphere towards the end of the performance at an electrically 
lighted theatre with that of a theatre lighted by gas. 

The electric light also lends itself much more readily 
than gas to scenic effects, as by the introduction of suitable 
resistances, either directly into the lighting circuit, or into 
the exciting circuit of the dynamo, the intensity of the 
light may be varied by imperceptible steps from full 
brilliancy to complete extinction. 

The first of the London theatres which was lighted by 
electricity was the Savoy, which was then, as now, under 
the direction of M. D’Oyley Carte, and special credit is 
due to him for his enterprise in introducing the light, as 
this was the first time that an incandescent electric lighting 
installation was carried out upon any considerable scale. 

The work was done by Messrs. Siemens in the year 
1 88 1, and the lighting, which has remained under their 
charge ever since, has been thoroughly satisfactory in 
every way from the time it was first introduced. Since 
then the system of incandescent lighting has been intro- 
duced into a good many other tfieatres — the Criterion, 
the Prince of Wales's, Terry's theatre, the Adelphi, and 
the recently-built Lyric and Shaftsbury theatres being now 
lighted by incandescent electric lamps. 

In all modem installations of the electric light in the 
interior of buildings, safety-fuses are inserted wherever 
a branch wire leaves the mains, and in some cases they 
are attached to each lamp, or group of lamps. They 
consist simply of a short wire which will fuse before the 
current has become great enough to cause danger to the 
lamp, and will thus cut the lamp, or group of lamps, out 
of the circuit Similar safety-fuses are placed wherever 
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an increase of the current beyond a certain amount would 
be likely to cause danger of fire, and large magnetic cut- 
outs are often attached to the mains as tihey leave the 
dynamos, and adjusted so that they will cut off the current 
as soon as it rises beyond a fixed maximum value. Fig. 
74 illustrates a safety-fuse, and the manner of attaching 
it to a lamp, or group of lamps, suspended from the ceiling 
in the room of a house. 



Fig. 74. 


Private Installations , — As the number of central stations 
increases, private installations, as far as the larger towns 
are concerned, will probably become gradually rarer; but 
their use will most likely extend still more than it has 
already done for the purpose of lighting isolated country 
houses, in place of employing private gas plants, the 
presence of which in the neighbourhood of a house is 
exceedingly objectionable, owing to the injurious and foul- 
smelling gases contained in coal-gas as it comes from the 
retorts, and from which it has to be purified as far as 
possible before it is used. Where water-power is available, 
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electric lighting, independently of its other advantages, is 
the most economical system which can be adopted, but 



Fig rs- 
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where this is not to be obtained, a gas engine is probably 
the most convenient motive-power to employ. In a place 
where coal-gas is already available this ma/ be employed 
for driving the gas engine, but even when this is not 
the case a gas engine may still be employed, for engines 
of this kind are now made which manufacture their own 
gas from petroleum. 

Fig, 75 shows the arrangement of a small private installa- 
tion of this kind carried out on the accumulator system, 
the dynamo being driven by a gas engine. The lamps 
are connected across the negative and positive mains, as 
shown in Fig. 76, which illustrates the general arrangement 
of the connections in a private installation in which accu- 
mulators are employed. The switches used for turning 
the dynamo current directly on to the house leads, and 
for connecting these and the dynamo with the accumulators, 
are usually, for the sake of convenience, fixed on a single 
board, as shown in the illustration. When the current 
from the accumulators is in use, they must not be allowed 
to discharge at more than a certain rate, as if this were 
exceeded they would be damaged. In order to prevent 
this from taking place unperceived, an automatic current- 
alarm, connected with a bell, is employed, as shown in the 
centre of the illustration. The current-alarm consists of 
a coil of wire, with a sdit iron core suspended in its centre, 
and kept in position by means of a spring. As the strength 
of the current increases, the iron is drawn further into the 
coil, until, when a certain point is reached, the bell is 
started and continues ringing until the discharge current 
is lowered to the proper amount. 

Accumulators are almost invariably employed in private 
installations, for if they were not used the engine would 
always have to be kept running as long as the light was 
required, while, when they are employed, they can usually be 
charged sufficiently to supply all the current required, by 
running the engine two or three days a week. It would be 
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impossible, moreover, to get a satisfactory light without the 
use of accumulators from a dynamo driven by any form of 
gas engine at present in use, as these engines cannot be 
made to run with the same regularity as steam engines, 
and the result would be that the light would fluctuate 
at every revolution of the engine, which would of course 
be exceedingly disagreeable. 

Train Lighting , — Another very useful application of 
accumulators is to the electric lighting of trains, which has 
been carried out with the greatest success during the last 
few years on the Great Northern, and the London, Brighton 
and South Coast Railways. 

The accumulators are made by the Electrical Power 
Storage Company, and are of the same character as the 
one previously described, except that the cells are made 
of such a shape as to permit of their being conveniently 
stowed away in boxes under the seats of the carriages. 

The South Eastern Railway Company also has quite 
recently fitted electric readihg-lamps to the carriages on 
the main line trains. The lamps, which are of five-candle 
power, are contained in small boxes placed just under the 
racks. 

The light is obtained by introducing a penny into a 
slot at the top of one of these boxes, and then pressing 
a knob, and it will laslr for half-an-hour, at the end of 
which time it extinguishes itself automatically. The light 
can be obtained for as long a time as is required by placing 
a penny in the box every half-hour, and it can be extin- 
guished at any moment by pressing a second button. 

If the instrument is out of order, or if a coin other than 
a penny is put into the slot, the coin drops right through, 
and can be recovered. 

Portable Electric Lamps . — It is evident that the intro- 
duction of incandescent electric lamps would be of the 
greatest value for the use of divers, as, owing to there being 
no combustion, a supply of air is not required ; and also 
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for use in coal-mines containing explosive gases. In such 
cases as these it would not always be convenient to have 
the lamps attached to long wires leading to the source 
of current Primary batteries might, of course, be used, 
and indeed they have been used, for portable lamps ; but, 
in addition to the expense involved in their being lighted 
in this way, a primary battery, to give a light for any length 
of time, would be too bulky to be conveniently carried 



Fig. 77. Fig. 78. 


about. Both these defects are got over by the use of 
accumulators, and a portable lamp of this kind, manufac- 
tured by the Edison-Swan United Electric Light Company, 
is shown in Fig. 77. The lamp is energised by a four-cell 
accumulator, shown in Fig. 78. 

This accumulator is contained in a strong teak box, A, 
Fig. 77, strengthened with metal bands, BB. A small 
incandescent lamp is attached to the side of the case, and 
protected by a strong glass cover, C, with a cross-bar, G, 
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and a hinged lever secured by a safety-nut, F, and provided 
with a swivel handle, D. The lamp can only be opened by 
means of a key, so that it cannot be got at by the miners. 
In some lamps of this kind which have recently been con- 
structed, a small lever is provided which maintains the 
continuity of the circuit as long as it is pressed down by 
the glass cover, C, but breaks the circuit when allowed to 
rise, which it would at once do if the outer glass cover were 
accidentally broken. The object of this arrangement is to 
prevent a miner from continuing to use a lamp of which the 
outer covering has been broken, as if this were done the 
glass globe of the lamp, being of very much thinner glass 
than the outer covering, would be very likely to get broken, 
and although the lamp would be extinguished almost 
immediately by the fibre burning away, there might be just 
time for it to ignite the explosive gas in the mine. 



CHAPTER XVI. 


ELECTRO-MOTORS AND IHEIR USES. 

An electro-motor is really nothing but a dynamo working 
backwards — that is to say, one which, instead of being driven 
by the application of external power, and thereby trans- 
forming the energy supplied by a steam engine or other 
prime motor into the form of electrical energy, is supplied 
with electrical energy by means of an electric current, which 
sets the motor in motion, and transforms the electrical 
energy into mechanical energy. Fig 79 illustrates a motor 



Fig- 79 

made by Messrs. Immisch & Co., one of the few firms 
which have devoted themselves to the construction and 
improvement of the electro-motor, and whose motors have 
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already obtained a world-wide reputation for high efficiency 
and good workmanship. 

Another type of motor, manufactured by the Electrical 
Power Storage Company, is shown in Fig. 8o. 



Fig. 8a 


The reversibility of the dynamo, enabling it to act at a 
motor when supplied with electric current, was first made 
known by M. Hippolyte Fontaine at the Vienna Inter- 
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national Exhibition of 1873. According to M. Figuier, the 
discovery was purely accidental. 

Figuier V account is that the Gramme Company had two 
machines exhibited at the Exhibition, and one day while 
one of these machines was in motion, and the other one 
was standing still, a workman, seeing some cable ends lying 
loose upon the floor, fancied that they belonged to the 
machine at rest, and placed them in its terminals, when to 
the astonishment of everybody the armature of the machine 
began to rotate, being driven by the current from the other 
machine. Prior to this a great many attempts had been 
made to construct electric engines, or motors set in motion 
by means of an electric current, but none of them were of 
any practical use, and they were, in fact, nothing more than 
scientific toys. Any continuous current dynamo can be 
used as an electro-motor; but in the construction of electro- 
motors it is much more important to make the weight as 
small as possible than in the case of dynamos; and there 
are some other points ^hich are of greater practical 
importance in the case of electro motors than in the case 
of d3maraos, so that, although the principles of construction 
are the same in each case, it is not very often that machines 
constructed for producing current are actually employed as 
electro-motors. 

Electric Railways . — One exceldingly important applica- 
tion of the electro-motor is its employment for the purpose 
of traction. For some time past, experiments have been 
in progress with the view of adopting electric traction on 
the underground railways in London, in order to get rid 
of the contamination of the atmosphere by the smoke and 
other products of combustion from the locomotives, which 
now make the line so unpleasant to travel upoa Electric 
traction, however, has not yet been practically employed 
for heavy railways, though it has been used to a considerable 
extent for light railways, or, as we call them in this country, 
tramways. 
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The electric propulsion of cars on tramway lines can 
be effected in two distinct ways. One is to place accumu* 
lators on the car, these accumulators being charged at 
fixed stations, usually at one or both of the termini. The 
principal disadvantage of the accumulator system is the 
great weight of the accumulators, which have of 
course to be carried by the cars ; and it also has the 
disadvantage of the additional loss incurred in two trans- 
formations of energy, as in the accumulator system the 
energy of the prime motor must first be transformed into 
electrical energy, and then into chemical energy, which is 
stored up in the battery, from which it is reproduced in 
the form of electrical energy, and then again converted 
into mechanical energy in the motor. The advantages are 
that each car is independent of every other, and that no 
fixed conductors are required along the line. 

The accumulators used in driving cars on this system 
are, as in the case of train-lighting, stored under the seats, 
and in any case the electro motors are usually placed under 
the floor of the car. 

The other method of driving cars electrically is to employ 
a fixed source of energy, and to transmit the current to the 
car by means of a conductor and sliding contacts. Mr. 
Gisbert Kapp, in his wo^k on the Electrical Transmission 
of Energy^ classifies the electric railways worked on the 
conductor system into four divisions, according to the 
manner in which the current is conveyed to and from 
the car. In the first class the rails are insulated from 
the ground, and the separate rails being placed in electrical 
communication by means of connecting pieces, they are 
employed as conductors, one conveying the outflowing 
and the other the return current The car-wheels in this 
system have to be insulated from their axles. 

A short tramway of this kind has been erected by Mr. 
Volk on the beach at Brighton, and another one is in use 
in Berlin. 
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The second class consists of those in which a separate 
conductor is used for the outflowing current, while the 
return current is carried by both rails. The rails need 
not be insulated, but must be in electrical communication 
throughout by means of special connecting pieces at the 
joints. The Bessborough and Newry Electric Railway is a 
good example of this class ; it is three miles in length, and 
the electric current is supplied by two Edison-Hopkinson 
dynamos driven by a large turbine placed at a station at 
about the middle of the line, where ample water-power is 
available. 

Other examples of this kind are given by the railways at 
Portrush and Blackpool. 

In the third class separate conductors are used for the 
outflowing and the return current. These are carried 
overhead on poles, and usually consist of iron or copper 
tubes. A line of this kind is now in use between Frankfurt 
and Ofienbach on the Maine. A portion of it is shown in 
Fig. 8i. The conductors consist of tubes of wrought-iron, 
of one inch internal diameter, and one and one-fifth inches 
external diameter, suspended, by means of iron wire ropes, 
from ordinary telegraph poles. A slot is cut out along the 
whole length of each tube, and the current is conveyed to 
and from the car by means of wires attached to small 
cylinders of cast-iron,* which slide within the tubes. The 
same system is in use in Berlin, Vienna, and other places. 

In the fourth class separate conductors are used for the 
outflowing and return current, and these are attached to 
poles, and arranged so as to form a single line on which 
suspended trucks run. This is known as the telepherage 
system, and was devised by Professors Ayrton, Perry, and 
Fleeming Jenkin for carrying light loads over hilly or 
mountainous country. The first line of this kind was con- 
structed at Glynde, in Sussex, and has been a complete 
success. Fig. 83 shows a similar line which has been con- 
structed in America by the Sprague Electric Railway and 




Fig. 82. 
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Motor Company, for the purpose of carrying ore from a mine 



on A mountain tide to a taOway at the bate. The road, <» 


Fig. 83. 
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overhead track, consists of two stationary steel cables, 
suspended one above the other, between posts of wood or 
metal, fifty feet ©r more apart, and at such a height from 
the ground as not to interfere with the surface traffic. The 
cars run on wheels, and are suspended between the upper 
and lower cables, the upper cables carrying most of the 
weight. Each car contains an electro-motor, which is 
supplied with current by contact of the wheels with the 
cables. 

Several attempts have been made to apply electricity to 
ordinary street locomotion. One of the first of these was 
an electric tricycle designed by Professors Ajnton and 
Perry. Some dog-carts driven by electricity have also 
recently been constructed by Messrs. Immisch & Co. 
One of these was made for the Sultan of Turkey in 
September 1888, and he appears to have been so pleased 
w’ith it that he has ordered another one to be sent out. 
This is of an improved pattern, and is shown in Fig. 83. The 
power is stored in twenty-four small accumulators, which 
weigh about seven hundredweight, and contain a charge 
sufficient to propel the vehicle at a speed of ten miles an 
hour for about five hours. The cart is driven by a one 
horse-power Immisch motor. The total weight of the 
carriage and accumulators is about eleven hundred- 
weight. • 

These carts are only suitable for use on the level, and on 
good roads, as the wheels have not got sufficient grip to 
carry the cart up any considerable incline, and this is one 
of the chief difficulties in propelling any carriages, other 
than extremely heavy ones, such as traction engines, either 
by electricity or by steam power. 

An electric omnibus has also recently been tried in 
London, but I believe it was only run at night, which was 
certainly a most desirable precaution, as, owing to the 
weight of the accumulators, electrically propelled vehicles 
are difficult to stop suddenly, and on one occasion when it 
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was being run at night in Oxford Street, a hansom cab 
dashed out of a side street in front of it, and the driver, 
unable to stop in time, stated afterwards -that there were 
three alternatives open to him — viz., either to run into the 
lamp-post, the hansom, or the nearest house. He chose 
the former, breaking the lamp-post off near the ground, and 
planting the car on the top of it The passengers inside 
were of course covered with the acids from the cells, and 
one of them foolishly striking a light, ignited the gas from 
the broken lamp-post, so that had they not shortly been 
released from their perilous position they would all have 
been burnt 

Another interesting example of the use of the electro- 
motor for the purpose of traction is its application, as far 
back as 1879, to ploughing fields in the neighbourhood of 
the beetroot factory at Sermaize. The manufacture of beet 
sugar is only carried on during a small portion of the year, 
so that for the rest of the time the machinery remains idle, 
and it occurred to the proprietors that it would be 
advantageous to use the steam engine during this slack 
time for ploughing the fields in the neighbourhood. The 
expenment was perfectly successful. The current was 
generated at the factory by means of a Gramme dynamo 
driven by the steam engine, and the ploughing arrange- 
ment was similar to^ that adopted in steam ploughing, 
the plough being drawn backwards and forwards across the 
field by a steel wire rope coiled and uncoiled alternately 
from drums carried on trolleys placed at opposite sides of 
the field, and each provided with a Gramme dyn^o 
used as a motor. 

Electric Launches. — The electrical method of propul- 
sion is extremely well suited for small launches, in 
the place of steam, and a large number are now in use. 
Fig. 84 shows the general appearance of an electric 
launch as manufactured by the Electrical Power 
Storage Company. The sectional diagram, Fig. 85, 
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shows the posi- 
tion of the motor 
under the deck, of 
the launch, and of 
the accumulators, 
which are shown 
extending from^the 
motor to near the 
bow of the vessel 
The great advan- 
tages of this 
method of propul 
Sion are the com- 
plete absence of 
smoke and dirt, 
and the increased 
room, owing to the 
whole of the 
machinery being 
placed below the 
deck. The chief 
difficulty attending 
the use of elec- 
tro-motors for 
propelling steam 
launches is that 
they cannot run to 
any great distance 
froip the charging 
station. 

Messrs. Immisch 
& Co., who have 
constructed a 
number of these 
launches, have en- 
deavoured to 



Fig. 84. 
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remedy this want on the river 
Thames by the construction of a 
number of stations at intervals, 
for charging accumulators, so 
that a launch on arriving at one 
of these stations can, if its 
accumulators have run down, 
have them exchanged for fresh 
ones and proceed upon its 
journey. 

Other Applications of Electro- 
Motors. — Electro-motors are 
now coming into extensive use 
in mountainous countries, as, 
for example, in Switzerland, for 
driving machinery by means of 
water-power, at distances which 
sometimes extend to several 
miles. In America, where 
electric lighting from central 
stations is much more general 
than in this country, electro- 
motors are very largely used 
for driving machinery in small 
workshops, where the power 
required would not be sufficient 
to make it worth while to use a 
steam engine. These motors 
are used for driving printing 
presses, tailors* and shoemakers’ 
sewing machines, watchmakers’ 
lathes, and similar appara- 
tus; and there is no doubt 
that, as the system of supplying 
electric current from central 
stations extends in London and 



Fig. 85. 
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other English towns, electro-motors will be more and more 
employed for similar purposes in this country. One of the 
great advantages of the electro-motor for purposes such as 
these is that it can be fixed just where it is required, and 
used to drive a machine, without the intervention of belts, 
driving pulleys, and shafting. This is very well illustrated 


in Fig. 86, which 
shows an electro- 
motor driving one 
of the fans now so 
extensively used for 
ventilating ships, 
factories, mines, 
etc. For driving 
ventilators and 
other machinery in 
mines the electro- 
motor is especially 
valuable, as it does 
away with the driv- 
ing rods and other 
moving gear, which 
has always been a 
source of trouble 
in the shaft of a 
mine, replacing it 
by a simple fixed 
cable. With regard 
to the applications 
of electro - motors 
for use in private 
houses, where the 
electric current is 
supplied from cen- 
tral stations for 



lighting purposes, 


Fig. 86, . 
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such of my readers as may be amateur mechanics will easily 
perceive what an advantage it would be to be able to 



drive their lathes or other machinery 
by means of a small motor which 
could be set in action in a moment 
by simply inserting a pair of contact 
plugs into a shot^ as it is called, fixed 
at any convenient part of the room. 
Fig. 87 shows a shoe suitable for this 
purpose, or for use with an electric 
reading-lamp. Some of my lady 


readers would probably be glad to 


work their sewing machines in a 



similar manner, by means of a motor 
which can be fixed directly under the 
table which supports the machine, and 
which will occupy considerably less 
space than the treadle arrangement 
generally employed 



CHAPTER XVn. 

ELECTRO-META LLURG Y. 

I PROPOSE to consider under this head the electrical 
deposition of metals, or, as it is now called, electro- 
plating, and the application of electricity to the purifica- 
tion of metals and the reduction of metallic ores, together 
with the recently-invented process of electric welding. 

One of the first experiments tried by every schoolboy 
who has been allowed to amuse himself in his holidays by 
constructing and experimenting with galvanic batteries, is to 
copy medals or coins by taking models of them in some 
such substance as plaster of Paris, then making the surface 
of the model a conductor of electricity by rubbing it over 
with black-lead, and finally electro-plating it with copper, by 
attaching it, by means of a wire, to the negative pole of a 
battery, and suspending it in a vessel containing a solution 
of sulphate of copper in which is suspended a plate of 
copper, connected by means of a wire to the positive pole 
of the battery. 

In the year i8oi Wollaston discovered that if a piece 
of silver in connection with a more positive metal were 
immersed in a solution of copper, the silver became coated 
over with a layer of copper sufficiently coherent to stand the 
operation of burnishing. Two years later Cruickshank 
observed that when a current from a galvanic battery was 
passed, by means of silver wires, through solutions of 
various salts of lead, copper, and silver, the metals attached 
themselves to the wire connected to the sine end of the 
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battery; and in the year 1805 Brugnatelli made the first 
practical application of electro-plating of which we have any 
record by gilding two silver medals, by attaching them to 
the negative pole of a battery, and suspending them in a 
saturated solution of a salt of gold. 

Electro-plating, as a practical art, may however be con- 
sidered as deriving its origin from the work of Professor 
Jacobi of St. Petersburg, and of T. Spencer of Liverpool, in 
the year 1839. Jacobi’s galvano-plastic process, as he 
called it, enabled him to convert any line, however fine, of 
an engraving on copper, into a relief, by an electro-plating 
process which he describes as being applicable to copper- 
plate engraving, copying medals, producing stereotype plates, 
copper-plating plaster ornaments, and the manufacture of 
calico printing blocks and patterns for paper-hangings. 

The first patents in this country and in France were 
taken out by Messrs. Elkington, of Birmingham, who still 
occupy the foremost position in the electro-plating industry 
in this country. 

The earlier electro plating work was of course carried 
out by means of primary batteries ; but these are no longer 
used for the purpose, except for operations on a very small 
scale — such, for example, as those of the schoolboy to 
whom I have referred — and the electric current required for 
the purpose is now always obtained from dynamos. The 
djmamos employed for the transmission of electric energy 
and for producing electric lighting currents would be quite 
unsuitable for use in electro-plating, for the quantity of 
metal deposited in the bath depends only on the strength 
of the current, and not upon its electro-motive force, so 
that it is only necessary to obtain an electro-motive force 
sufficient to drive the current through the bath of liquid in 
which the objects to be plated are immersed. An electro- 
motive force of four or five volts is usually amply suffidei^ 
for this purpose ; and if it is much higher than is requiredi 
not onty is there a useless waste of energy, but it is fouQ4 
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that the metallic deposits become uneven and wanting in 
coherence. 

The dynamfts to supply current for electro-plating must 
therefore give a large current at low pressure, and therefore 
they must have a very small internal resistance, which 
means that the coils must be made of thick wire, and there- 
fore comparatively short Continuous current dynamos are 
of course the only ones that can be employed for electro- 
plating, and the method of exciting them must be such 
that there is no danger of the current becoming reversed, 
as the result of this would be to remove the metal which 
had already been deposited upon the object to be plated. 

One of the most important and best known electro- 
plating operations consists in the deposition of gold and 
silver on various less expensive metals. Another important 
application, which is rapidly becoming a great industry, 
consists in covering readily oxidisable metals like iron with 
a thin layer of a more durable material, such as nickel. 
This process is largely employed for trappings of harness, 
the ironwork of carriages and cycles, and also for many 
articles of ordinary daily use. 

The electro deposition of iron, first carried out by Jacobi 
and Klein, has recently found an important application at 
the hands of Professor Roberts- Austin, who employed it 
for obtaining the dies for striking the medals issued on 
the occasion of the Queen’s Jubilee. The medals were 
originally modelled in plaster, and the casts reproduced by 
the electro deposition of copper ; and finally these copper 
dies were plated with coherent layers of iron, nearly a tenth 
of an inch in thickness, and hard enough to be used for 
stamping. The greatest drawback to this very interesting 
process is that the operation of obtaining a layer of this 
kind, sufficiently hard to be used for stamping, occupies 
from three to five weeks. 

In Chapter X. I alluded to the fact that copper wire of 
great tensile strength and very low electrical resistance is 
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now being produced at a lower price than used formerly to 
be paid for ordinary commercial copper. This is effected 
by means of a process designed by Mr. Elmore, and which 
is now being carried out at a factory erected for the purpose 
at Cockermouth. 

The process, which is not only applicable to the produc- 
tion of telegraph wires, but also to the manufacture of 
copper steam-pipes, suitable for boilers and other purposes, 
of great strength and homogenity, is known as the electro 
burnishing process^ and consists in the electro deposition of 
copper upon a mandril immersed in the copper bath, and 
maintained in continuous rotation. 

The copper as it is deposited is compressed into a firm 
homogeneous mass by means of a burnisher, which always 
presses against the mandril, and traverses continually up and 
down it as the latter rotates. 

Tubes of a very large size can be made directly in this 
manner, and in order to obtain a telegraph-wire from one of 
these tubes a helical cut is made, by means of machinery 
specially constructed for the purpose, starting from one end 
of the cylinder and passing round it in a helix until it reaches 
the bottom. A helical strip of copper of square section is 
thus obtained, and this is drawn through a series of circular 
holes gradually diminishing in size, cut in steel plates, until 
the strip has been drawn out into wire of the required gauge. 
The latter part of the operation is exactly similar to the 
ordinary process of wire-drawing. 

In the year 1871 Elkington first proposed to precipitate 
copper electrolytically from the fused sulphate of copper 
and iron which the copper-smelter designates by the term 
r^lus. Thin copper plates were arranged to receive the 
copper as it was deposited, while the other metals present, 
Including gold and silver, fell to the bottom of the solution. 

Electricity has also been largely employed for obtain- 
ing pure copper from the impure form known as “ blister 
copper” or “blade copper,” the impure metal being attached 



ELECTRO METALLURG K 


247 


to the positive terminal of the dynamo, and immersed in a 
bath of sulphate of copper, while the pure metal is deposited 
on a thin strip of copper attached to the negative terminal 
of the dynamo. This process is now so extensively used 
that large d3mamos have been specially constructed, which, 
with an expenditure of loo horse-power, will produce 
eighteen tons of pure copper per week. 

It was suggested by the late Sir William Siemens that 
the exceedingly high temperature of the electric arc might 
be advantageously utilised in the fusion of metals with high 
melting points, and he actually constructed an electrical 
furnace in which ninety-six ounces of platinum could be 
melted in ten minutes. 

His experiments were unfortunately interrupted by his 
untimely death, but the method has been recently developed 
and carried out on a very large scale by Messrs, Cowles, 
for the purpose of isolating aluminium from corundum, and 
alloying it immediately with copper or iron, in order to 
produce the aluminium allo)^ which are now so extensively 
employed for various purposes. The adaptability of the 
electric arc for the production of aluminium alloys was, 
like many other important discoveries, made accidentally, 
while the inventors were engaged upon a research directed 
to a totally different object. It appears that the two 
brothers, E. H. & A. H. Cowl^, went over to South 
America some time ago to develop a zinc mine in which 
their father had invested a considerable amount of capital 
The ore was found to be extremely rich, not only in zinc, 
but also in silver ; it was, however, so refractory that it could 
not be reduced in the furnaces which were available. 

Some of the ore was then sent to Ohio to be reduced in 
a more powerful furnace, but even this failed to reduce it ; 
and it therefore appeared at first sight as if the mine would 
have to be abandoned, but, fortunately, one of the brothers 
was an electrician and the other a chemist, and the former 
suggested that the high temperature of the electric aic 
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might possibly be turned to account to extricate them from 
their difliculty. 

They immediately set to work experimenting with the 
object of testing this suggestion. In their first experiments 
they filled a pipe of fire-clay with a mixture of the crushed 
ore and charcoal powder, placed a bunch of electric light 
carbons at each end of it to act as electrodes, and closed up 
the ends. A current from a small dynamo was then sent 
through the pipe, and after a short time the ore was found 
to be reduced, but the pipe also was partly melted, which 
was a very undesirable result. 

The melting of the pipe was soon found to be due to 
the fact that the charcoal powder, which in its original form 
was a bad conductor of electricity, was converted by the 
high temperature into graphite, which is a fairly good 
conductor. The difficulty was overcome at the suggestion 
of the chemist, Mr. A. H. Cowles, by the very simple 
method of soaking the charcoal powder in lime water, and 
drying it before use. 

The coating of lime thus obtained prevented electric 
conduction between the neighbouring particles of the char- 
coal, and thus enabled it to retain its insulating properties, 
even when a portion of it had been converted into graphite. 
The inventors very soon recognised that this furnace was 
exactly what was required for the reduction of the oxides 
of aluminium, and experiments, which were perfectly suc- 
cessful, were very soon made upon corundum as the raw 
material At the works which have now been erected, a 
current of 5000 amperes is supplied at an electro-motive 
force of sixty volts, by means of a single dynamo of 
immense size, probably the largest which has ever been 
made. 

The heating power of large currents has also been utilised 
by Elihu Thomson in the United States, and by Bernardo 
in Eussia, for the piupose of welding metals. The Thom- 
ioii process, which is chiefly employed for uniting wires and 
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other pieces of metal of comparatively small cross section, 
consists in simply pressing together the two pieces to be united, 
while a large turrent is passing, when the heat developed at 



Fig. 88. 


the junction is found to be sufficient to soften even refrac- 
tory metals so much that they can be easily united. 
Brazing can also be successfully effected by putting brass 
on the joint while the current is passing. In a paper read 
before the American Society of Arts in 1886 Thomson 
suggested that the method would be of great value for 
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making the long lengths of pipes for boiler coils, for making 
endless bands for saws, wheel tires, and iron and steel links 
for chains ; and he also considered that there would be a 
wide scope for the process in the repair of pulleys and 
parts of machines, for which it was extensively used in the 
Thomson-Houston factory. Welds made by this process 
have been severely tested, and in every case it has been 
found that the weld was quite as strong as the other 
portions. 

Bernardo’s process consists in making the metal to 
be welded the negative pole, the positive pole being a 
carbon rod. This process has been employed to a con- 
siderable extent for repairing metal plates in situ^ as, for 
example, the plates of a boiler. In order to weld together 
two pieces of boiler-plate, one of the terminals of a dynamo 
or set of accumulators is attached to the plate, and the 
other to a carbon rod an inch in thickness, held in a 
portable insulating holder ; the metal is then touched with 
the rod, which is immediately withdrawn from a quarter to 
half an inch, thus forming an arc, as shown in Fig. 88, 
which is taken from a photograph. 

The metal at the point where the arc is formed melts 
immediately like wax, and runs perfectly fluid. When 
looked at through the dark glass employed to shade the 
eye from the glare of the^arc, the latter appears like a blow- 
pipe flame, and is manipulated in very much the same way. 

The use of accumulators makes the whole apparatus 
easily portable, so that it can be carried to the place where 
the repair is required, instead of the plates having to be 
taken out and carried to a forge, and then brought back and 
replaced 



CHAPTER XVIII. 

ELECTRICITY IN WARFARE. 

Electrical Torpedoes . — I mentioned in Chapter XI. 
that some of the earliest submarine electric cables were 
constructed for the purpose of exploding mines from a 
distance. Since that time submarine mines or torpedoes 
have been invented, and brought to a very high state of 
perfection. 

Torpedoes, such as those of Whitehead or of Brennan, 
which can be propelled through the water, to attack a 
hostile vessel, are almost all worked by purely mechanical 
means without the aid of electricity, and therefore do not 
come within the scope of this volume. 

In the case of fixed or stationary torpedoes or submarine 
mines, however, this is not the case, as these are almost 
invariably controlled and fired by means of electric currents. 
The earlier submarine mines were fired mechanically on 
being struck by a vessel passing oner them, but the use of 
mines of this kind, even when they are of the most perfect 
construction, is attended with extremely serious disadvan- 
tages. In the first place, the operation of laying them 
down is an exceedingly dangerous one, especially if the sea 
is at all rough, for the firing arrangement has to be placed 
within the torpedo before it is moored, and as soon as this 
is done it is liable to be exploded at any moment by an 
accidental jar. Another serious disadvantage is that, unless 
a secret channel is left open for the passage of friendly 
vessels, the torpedoes will prevent their entrance into the 
harbour just as much as hostile ones j and if such a chann^ 
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is left it may be discovered and made use of by the enemy. 
Or again, a friendly vessel entering the harbour may, 
through bad weather or the mistake of a pilot, come in 
contact with one of the mines and be destroyed. Finally, 
when such a system of mines is laid down, the operation 
of taking them up when no longer required is one which is 
even more dangerous than that of laying them down. 

All these defects are entirely obviated when the mines 
are fired by means of electric currents which can be 
controlled from the shore; and the only disadvantage 
attending the employment of the latter system is the 
possibility of the enemy obtaining access to the firing 
station, or to the cables connecting it with the mines, and 
rendering the torpedoes harmless by cutting the cables. 

The disadvantage arising from this possibility is, how- 
ever, a small one compared with those attending the em- 
ployment of purely mechanical submarine mines, and 
therefore those now employed for the defence of harbours 
and river estuaries are almost invariably controlled and 
fired electrically. 

Electrically controlled torpedoes may be divided into 
two classes — viz., those which are fired by closing the 
circuit on shore when a hostile vessel is observed to be 
sufficiently near to ensure the explosion taking effect; and, 
secondly, electroH:ontact« torpedoes, or those in which the 
circuit is closed by means of a circuit-closer, either 
contained in the torpedo itself, or in a small buoyant 
vessel moored to the torpedo by a chain or cord of such 
length as to keep it a short distance below the level of the 
water. 

The system of firing by observation is only practicable in 
dear weather and by day, or with the assistance of the 
electric light, while the, electro-contact system can be 
emi^pyed at any time. On the other hand, the electro- 
comact torpedo will only explode when the circuit-closer is 
actually stradc the vessel, and as torpedoes have to be 
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moored at a considerable distance apart, in order that 
the explosion of one may not explode its neighbour, the 
explosion of t)ne of the torpedoes forming a line of defence 
would necessarily greatly reduce the chances of a ship 
coming into collision with an electro-contact mine, though 
it might easily pass near enough to be destroyed, or at any 
rate disabled, by a submarine mine fired by observation. 
Thus the most complete safeguard is afforded by a com- 
bination of the two systems. 

Submarine mines of either class are usually charged 
either with some form of dynamite or with wet gun-cotton, 
and these can only be exploded by means of a bursting 
charge formed of some detonating composition, and the 
most suitable material for this purpose has been found to be 
mercurial fulminate. The fuse is usually fired by the 
heating, by means of an electric current, of a fine wire, 
usually of platinum, or an alloy of platinum with silver or 
iridium, embedded in a mixture of finely-powdered gun- 
cotton and mealed gunpowder in equal parts. Below this 
is placed the bursting charge of mercurial fulminate. Fig. 
89 shows a fuse of this kind, which is employed for 
submarine mines by the British Government. Fig. 90 
shows a form of circuit-closer suitable for electro-contact 
torpedoes, designed by Colonel Bucknill, and described by 
him in a recent volume of Engimeeringy to the editor of 
which journal I am indebted for this and the preceding 
illustration. MM is a permanent horse-shoe magnet, to 
which a ball, B, is attached by means of a string, as shown 
in the diagram. 

If the buoy containing the apparatus is struck by a vessel 
this ball is drawn sideways against a silk cord connected 
with an adjusting screw at one end, and with a spring 
detent at the other. This pulls down the detent and 
releases a wheel driven by clockwork, which then makes a 
complete revolution slowly, during which period the cable 
is connected through the fuses to earthi so that the mhie 
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can be fired if desired. The effect of its having been 
struck is automatically indicated to the operators on shore, 
and the time taken by the rotation of the wh'eel gives them 
time to discover whether the circuit -closer has been 
operated by the shock of a countermine or by a blow 
from a hostile vessel. 




To the poles, NS, of the magnets are secured the cores of 
two low resistance electro-magnets, CC, one end of the coil 
wire being connected with the line, and the other to a 
contact-stud, b. The armature. A, is secured by a spring to 
the fixed insulated point, P, whence an insulated wire is 
carried through die fuses to earth. The other end of the 
armature spring carries a contact-stud, a, which engages 
with b when the armature is attracted to the poles of 
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the electro-magnet, to which it is prevented from per- 
manently adljering by means of two small ivory pegs fixed 
to the under side of the cores. The strength of the 
armature spring can be adjusted by means of a second 
spring, Q. An india-rubber ring, r, tied to a metal ring 
prevents the ball, B, from oscillating too violently. When 
this apparatus is employed as a detached circuit-closer for a 
large mine moored below it, the stud, b, is earth-connected 
through an interposed resistance of about 1000 ohms, and 
in all cases P is connected to earth through the fuses. This 
circuit-closer can be used either for firing the mine by 
observation or by contact. 

In firing by observation its action is as follows — 

The coils, CC, are wound so that a negative current from 
the shore increases the normal polarity of the soft iron 
cores ; consequently when the negative pole of a firing 
battery is connected with the line, a current passes through 
the coils, CC, and through the 1000 ohms resistance to 
earth, causing the armature, A, to be attracted to the 
electro-magnet, and thereby sending a current from the 
fuses to the earth, the resistance on the fuse circuit being 
low enough to cause the mine to be exploded. 

If, on the other hand, it is desired to fire the mine by 
contact, the negative pole of a weak but constant battery is 
connected to the line, and when t?ie circuit-closer is struck, 
the armature is held up mechanically, and retained in that 
position by the magnetic attraction. The signalling battery 
gives a signal to the shore, and the firing current can now 
be switched into the line or not as desired, the mine struck 
being indicated at the firing station by the defiection of a 
galvanometer, and by causing an electric bell to be rung. 
Only one mine, with a detached circuit-closer arranged in 
this manner, can be attached to the same line, but when 
the apparatus is employed for mines to be exploded by 
contact only, the wire from h through the xooo ohnyi 
coil is omitted, and several mines can then be connected 
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with a single cable, either one after the other, or in a 
bunch. 

Gun-Firing by Electricity. — Electrical arrangements are 
now very frequently adopted for firing all the guns in a 
battery simultaneously, or for firing a broadside from a 
man-of-war. 

In the latter case the conducting wires are carried to 
the conning-tower, the shot-proof tower from which the 
captains of our modern turret-ships will direct the evolu- 
tions of a vessel during a naval engagement 

When the vessel is approaching an enemy’s ship the 
gunners will keep each gun trained upon the enemy’s 
vessel, and the captain will depress the button at the 
moment that he considers the right one for delivering the 
broadside. This arrangement will probably prove to be 
of the utmost value, as there is little doubt that in the 
next naval engagement the first effective broadside will 
sink or totally disable the vessel receiving it, so that the 
result of a combat between two ironclads will mainly 
depend upon which vessel is able to fire first with effect 

The Telegraph and the Telephone in War. — The estab- 
lishment and maintenance of an effective system of 
telegraphic communication between the different armies, 
and the different portions of each army, engaged in a 
campaign, has already been proved, by the experience of 
several great wars, to be of the utmost possible importance ; 
and in addition to the fixed lines, carried upon p>ole8 or 
underground, portable lines are employed to a considerable 
extent, the line-wire being wound upon drums, which are 
carried on to the field of action, so that the commander^ 
in-chief can telegraphically direct the operations even of 
the divisions actually engaged in fighting. 

It might at first sight appear that the telephone could 
be employed with advantage to replace the ordinary tele* 
graphic signalling instruments for such a purpose as thi% 
bu^ u is pointed out by Messrs. Preece and Maier in their 
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work on the telephone, its use under such circumstances 
is open to very serious objections. 

In the first place, it is an invariable and salutary rule 
in the British army that all important orders must be 
delivered in writing, and the value of this rule is shown 
by the number of instances on record in which fatal 
blunders have been directly traced to the misapprehension 
of verbal orders. Now, as is pointed out in the work 
alluded to, an order transmitted by telephone is worse 
than a verbal order delivered from one person to another, 
as it will probably be transmitted verbally between two 
clerks who do not understand its meaning, by means of 
a mechanism which, although of the greatest value and 
ingenuity, is far less efficient than the human voice 
addressed directly to the ear; and in illustration of this 
an incident is mentioned which occurred on a military line, 
fortunately, however, in time of peace, when some intelli- 
gence as to the whereabouts of a submarine mine case 
at the Needles was received as an urgent demand for 
a case of needles. 

If such mistakes as this can occur in time of peace, there 
can be no doubt that they would be much more frequent 
if the telephone were employed upon the battle-field, 
where the roar of cannon and the rattle of musketry would 
be reproduced by the transmitters *and greatly interfere 
with the distinctness of reproduction of a message. 

There can be no doubt, however, that there will be 
great scope for the use of the telephone in camps, not 
in the immediate presence of the enemy, for carrying 
out the routine business of the camp, promulgating orders, 
requisitions, etc., and its use would not only reduce the 
number of orderlies at present required to conduct the 
large amount of correspondence of this kind in a large 
camp, but would very greatly diminish the loss of time 
between the asking of a simple question and the receipt 
of the answer The telephone is also found to be of 

*7 
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considerable use as a telegraph receiver for employment 
in field telegraphy, as it is exceedingly sensitive, so that com- 
munication can be carried on through faulty lines, or even 
through bare wires simply laid upon the ground. This 
sensitiveness also enables much smaller battery power to be 
employed than is required when ordinary telegraph receivers 
are used. Another very great advantage is that when the 
telephone is used as a telegraph receiver it never requires 
adjustment, and this often saves a considerable amount of 
time in rapidly running out a line and establishing com- 
munication. 

Messrs. Preece and Maier inform us, moreover, that the 
buzzing signals given in the telephone receiver are much 
more easily picked up by signallers trained to read flag and 
lamp signals than those of the Morse instruments. The 
current used is an intermittent one, and this intermittent 
current produces a musical note in the receiving telephone. 

This system has been used with great advantage in our 
recent wars, including the Egyptian and the Bechuanaland 
expeditions. 

All the messages from the field of Tel-el-Kebir were sent 
in this manner, and in the Nile expedition it was found 
on several occasions that its use enabled very important 
messages to be sent through portions of a long line, which, 
owing to faults, were unworkable by ordinary instruments. 

The telephone is used to a considerable extent, and with 
the greatest advantage, in rifle practice, both in this country 
and in Germany, for communicating between the markers 
at the target and the firing station. 



CHAPTER XIX. 


MEDICAL ELECTRICITY. 

The electrical phenomena presented by the tissues of the 
living animal body, obscure as the subject is, deserve a 
brief mention ; especially as electricity is now so largely 
used in the treatment of various diseased conditions. 

Muscle and nerve are the living tissues par excellence^ 
and it is their changes of electrical state which have been 
most studied. 


Ti 



Fig, 91. • 

Currents of Rest — If one end of a cylindrical muscle 
is cut off, as shown in the diagram, Fig. 91, and one 
electrode of a galvanometer of appropriate construction 
placed on the centre of the cut surface at A, while the 
other electrode is placed on the equator of the muscle, bb, 
the existence of ^in electric current between the two points 
will at once be clearly evident The existence of a similar 
current in a piece of a nerve-trunk similarly treated can be 
demonstrated in the same manner, though the nerve current 
is much feebler than the muscle one. These currents are 
termed ** Currents of Rest”; but whether they are natural or 
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artificial — />., whether existent in perfectly healthy tissues, or 
only as a result of injury — is a question which is still sub 
judice. Those who maintain the latter view lay stress on 
the undoubted fact that the surface of the quiescent frog’s 
heart, which is practically a mass of muscle, is iso-electric 
— f.tf., on whatever two points on its surface the electrodes 
are placed no current flows through the galvanometer. 

Currents of Action, — Whatever be the truth as regards 
the currents of rest, there is no question as to the occurrence 
of marked changes of electrical condition when a muscle or 
a nerve is stimulated. If, in a muscle prepared as above, 
the galvanometer is showing a distinct current of rest, as 
soon as the muscle is made to contract by stimulating its 
nerve, the needle of the galvanometer swings back towards 
zero, a phenomenon known as the negative variation of the 
current of rest But a like electrical change can be demon- 
strated even in the absence of any current of rest — eg.^ at 
each contraction of a frog’s heart a very distinct current 
shows itself Hence the term “ Current of Action ” is 
preferred by those who deny the existence of any natural 
“ Current of Rest” This change of electrical state in the 
muscle precedes the change of form which is the visible 
result of stimulation, and, like the contraction, travels in the 
form of a wave, each portion of muscular substance, as it 
contracts^ beconung negutive to those portions which have 
not yet contracted, or which have returned to a state of 
rest 

A similar wave of change of electrical state traverses a 
nerve which has been stimulated ; it travels at the same 
rate as the nervous impulse, Le,^ about twenty-eight metres 
per second in a frog’s nerve — a rate so much slower than that 
of an ordinary electric current, that by itself it suffices to show 
that the nervous impulse is something essentially different 
from an dectric current The association of such electrical 
changes with vital phenomena, when first observed, led 
some too hasty people to the conclusion that they were 



MEDICAL ELECTRICITY. 261 

identical a view to which are due the foolish statements, 
“ Electricity is Life,” which figure so prominently in 
the advertisements of various quacks. 

The use of electricity for medical purposes depends 
largely on the fact that the activity of the muscles, nerves, 
and other tissues normally dependent on that of the central 
nervous system — />., the brain and the spinal cord — can, 
nevertheless, be evoked by other means, mechanical, 
chemical, thermal, or electrical. The following facts 
illustrate the nature of the influence exerted by electricity 
upon the nerves and muscles. 

When a continuous current is passed into a nerve 
attached to a muscle, a single contraction of the muscle takes 
place, and a similar contraction occurs when the current is 
cut ofl* ; but so long as the current is traversing the nerve 
the muscle remains quiescent. Although however there is 
no visible change in the nerve-muscle preparation, the 
condition of the piece of nerve traversed by the current 
is profoundly modified; it is in a condition known as 
electrotonus^ and it can readily be demonstrated that in the 
vicinity of one electrode its excitability is markedly increased, 
while in the vicinity of the other it is correspondingly 
decreased. The passage of an intermittent current, con- 
sisting as it does of a rapid succession of shocks, into the 
nerve of a nerve-muscle prepara^on, throws the muscle 
into a state of contraction which persists as long as the 
current is passing, or until the muscle is exhausted. The 
muscle may also be made to contract by the direct 
application of an electric current, continuous or inter- 
mittent, to its substance, without the intervention of the 
nerve; muscle substance is, however, much more sluggish 
in its response to an electrical stimulus than is nerve 
substance, and unless the stimulus acts during an appreci- 
able period the muscle fails to respond. Hence if the 
minute nerve filaments which ramify through a muscle be 
destroyed by disease or paralysed by drugs, the musde 
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cannot be made to contract by the intermittent current, 
whereas the continuous current affects it readily. 

Electricity is employed by physicians both for diagnostic 
and for therapeutic purposes. As a diagnostic agent its chief 
use is in cases of paralysis, to aid in deciding the important 
question as to the site of the morbid process, or fault, to 
use a telegraphic term, which has deprived the brain of 
its power over a muscle or group of muscles. The lesion 
may be in the central nervous system itself, or anywhere 
along the tract of communication between this and the 
muscle or .muscles affected — />., it may be central or peri- 
pheral. In the latter case the minute nerve filaments, which 
ramify through the muscle substance, waste away, so that 
the muscle can no longer be made to contract through 
their agency ; in such a case the muscle makes no response 
when stimulated by the intermittent current, whereas its 
reaction to the continuous current is even more prompt 
than usual There are other distinctions, qualitative and 
quantitative, on which it is unnecessary here to dilate. 

The therapeutic uses of electricity are manifold. One 
of the most important results from its power of stimulating 
muscles into action. When the communication between a 
muscle and the central nervous system is impaired by disease, 
the muscle, being unused, rapidly wastes away, and in cases 
which tend to recover there may be little muscle-tissue left 
by the time that the natural process of repair has restored 
the integrity of the affected communication, so that the 
paralysis is permanent In such cases the physician is able, 
by the aid of electricity, to give the paralysed muscles such 
regular exercise as suflSces to keep them healthy until the 
central nervous system has had time to regain its power 
over them. 

Electricity is often of great use also in cases of neuralgia, 
rheumatism, painful spasm, etc Thus, a nerve-trunk may 
be in an unduly excitable condition, or may be conveying 
to the brain impulses originating in a disordered peripheral 
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organ ; by putting such a nerve into the electrotonic con- 
dition, its excitability or conductivity may be modified in 
such a manner as to stop the passage of such morbid 
impulses, so relieving pain. It is easy to see, however, that 
in such cases the character and direction of the current 
to be employed are points requiring careful consideration ; 
and if used without knowledge the remedial agent may 
aggravate instead of alleviating the morbid condition. 

Electricity is also frequently employed for its chemical 
and thermal effects. Electrolysis may be set up in a 
tumour, so initiating processes which stop its growth, or 
cause its gradual destruction ; or in an aneurism, to cause 
coagulation of the blood and consequent consolidation of 
the aneurism. For cauterising purposes, also, in parts of 
the body difficult of access, the electric current is frequently 
employed to heat a wire previously placed in situ. 

As an illuminating agent electricity is frequently employed 
to examine various passages and hollow organs of the body, 
the pharynx, stomach, bladder, urethra, etc. 

In conclusion, it may be well to remark that electricity is 
not a universal panacea, and that it does not act like 
a magical incantation. When the effect to be obtained is 
clearly realised, and the means employed are adequate and 
appropriate, the use of electricity will often be of the 
greatest benefit ; in the absence of these conditions it is far 
more likely to be harmful. It is only fair to observe that 
the majority of the people who vaunt their marvellous belts 
and other electrical appliances appear to have borne this 
fact in mind, and avoid harming their patrons by supplying 
apparatus which is as innocuous as it is useless. 
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MISCELLANEOUS APPLICATIONS OF ELECTRICITY. 

It would be impossible in the space at my command to 
enumerate all the various useful purposes to which elec- 
tricity is now applied, but I have thought it well to devote 
a short chapter to a few interesting applications of elec- 
tricity which could not suitably be included in any of the 
preceding ones. 

A very interesting and useful application of electricity in 
private houses is one which is now extensively adopted in 
America for enabling private dwelling-houses to be shut up 
during the absence of their owners without danger of being 
broken into by thieves, thus doing away with the necessity 
of employing caretakers. 

The system is a very simple one, and consists in carrying 
a continuous wire in front of every door and window in the 
house, in such a manner that none of them can be opened 
without breaking or cutting the wire. One end of the 
wire is put to earth, •while the other is carried to the 
central station established by the company working the 
system, and connected to one of the terminals of a 
galvanometer, the other terminal of which is put to earth. 
An electric current is kept continuously flowing through 
each of the circuits thus meeting at the central station, 
either by inserting batteries in the circuit, or by means of a 
dynamo at the central station. The galvanometers are 
watched day and night, and if any one of the circuits is 
broken the fact is at once indicated to the watchman by the 
needle of the galvanometer going to zero. When this 
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happens the police are immediately communicated with, 
and a man is at the same time sent round from the central 
station to repair the breakage and to find out whether the 
interruption was due to accident or not. 

Soon after the introduction of this system into the town 
of Washington a negro attempted to effect an entrance into 
a house protected in this manner. He was aware that the 
house was protected in some mysterious way by means 
of a wire carrying an electric current, and thinking to make 
quite sure of obviating any disagreeable effects to himself, 
he took the precaution of cutting the wire, and then 
watched for a considerable time to see what would happen. 
As he was unable to perceive any effect as the result of his 
action, he then effected an entry into the house. The 
police, however, had been communicated with, and had 
been watching the burglar the whole time, so that he was 
immediately followed, hand- 
cuffed, and removed to the 
police cells, much to his disgust 
and astonishment 

Electric bells are now in very 
general use in this country, as 
well as in America, and they 
seem almost too well known to 
need description, but perhaps ^ 
brief account of their construc- 
tion and manner of working may 
not be without interest 

The ordinary form of electric' 
bell, with its cover removed, 
is shown in Fig, 92. It con- 
sists of an electro-magnet in 
circuit with a battery, the cir- 
cuit remaining open when the 
bell is not in use, and being 
closed by some form of push- Fig- 9^ 
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button. When the circuit is closed, the armature of 
the electro-magnet is attracted by the iron core within 
the coils, and the hammer attach^ to it strikes the belL 
When the armature is thus drawn towards the electro- 
magnet, the circuit is broken, the electro-magnet becomes 
demagnetised, and the armature springs back to its original 
position, and again completes the circuit through the 
contact point shown in the diagram. As long as the push- 


button is kept pressed down the bell will continue ringing. 
This is the system generally employed in private 



houses, but in hotels 
an indicator is usually 
attached to each bell, 
and when the push- 
button is depressed, 
not only does the 
bell ring, but the 
indicator falls, and, as 
I long as it is down, 
completes the circuit 
without the interven- 
tion of the button, so 
that the bell continues 
ringing until the ser- 
vant whose business 
it is to answer it has 
replaced the indicator, 
thus ensuring that the 
call should not pass 
unnoticed. The indi- 
cators belonging to all 
the rooms in a hotel 
are usually arranged 
upon a single board 
in the manner shown 
in Fig. 93. 
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Many shops and warehouses are now provided ^iih 
electric alarums, which set a bell ringing if the temperature 
rises to such an extent as to indicate that a fire has broken 
out, or, if no one is living on the premises, a signal is 
automatically sent to the nearest fire station. Similar 
alarums are now employed in greenhouses to ring a bell 
in the gardener’s cottage when the temperature rises above 
or falls below certain limits. 

All the clocks in a large establishment can be regulated, 
if desired, by means of electric currents, from one central 
one, so that it is sufficient to have one first-rate clock in the 
system, the others, of inexpensive construction, being made 
to keep exact time by the central regulator. 

Another application of electricity of quite recent dis- 
covery, but which promises to be of considerable im- 
portance, consists in its employment for decomposing 
the offensive gases in our sewers, and removing the 
poisonous properties of their fluid contents, so that after 
such treatment they may be allowed to discharge into 
rivers without fear of spreading diseases 

The employment of electric currents for exploding sub- 
marine mines would naturally suggest the advantage of 
using electricity in the same manner for exploding blast- 
ing charges in mining operations, and, as a matter of iact^ 
it is now employed to a considerable extent for this 
purpose. 

A very striking example of its advantages was given in 
the blowing up of the rocks at Hell Gate in New York 
Harbour some years ago, when a mass of many thousand 
tons of rock was blown up by means of dynamite cart* 
ridges inserted in channels which had previously been bored 
by divers in all directions through the rock, and which 
were exploded simultaneously by the passage of an electric 
current. 

One more application of electricity I must mention, but 
only to deprecate it, and that is the proposal to emjdoy it 
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for the execution of criminals, which has been recently made 
in the United States. 

Every one who has any competent knowledge of the 
subject knows that the greatest possible uncertainty attaches 
to the effects of electric discharges upon human and other 
animal life, and though there would be no difficulty in 
employing a current of sufficient strength to ensure im- 
mediate death, this result could only be attained with 
absolute certainty by the use of currents which would 
terribly disfigure the body of the criminal, and the legis- 
lature of the State of New York has expressly stipu- 
lated that the currents must not be such as would cause 
disfigurement 

I have no hesitation, therefore, in maintaining that it 
would be a most retrograde step to replace the present 
simple and humane method of terminating a criminal's 
existence by one which in some cases might allow him to 
escape with impunity, and in others might subject him to 
horrible tortures before life became extinct 
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Mn. Sydney Dobell, Ernest Rhys, John Addington Syiionds, 
Joseph Skipsey, Countess Martinengo Cesaresco, 

S. ^W’addington, etc., etc. 

IN SHILLING MONTHLY VOLUMES, SQUARE %vo. 

Well Printed on Fine Toned Paper, with Red>Line Border, and Strongly 
Bound in Cloth. Each Volume contains from 300 to 350 pages. 

CkOi^RaEdgu, It. ; Cloth, Uncvi Edges, U ; Red Roan, QiU Edges, 2s. 6d.; 
Padded Merooeo, OiU Edges, 5 s.; and fi» Half Moroeeo, OiU Top, 
Antique {in a variety 0/ new rtproduAum of old t»fUs). 


THE following VOLUMES ARE NOW READY. 


1 CHRISTIAN YEAR 

2 COLERIDGE 

3 LONGFELLOW 

4 CAMPBELL 

5 SHELLEY 

6 WORDSWORTH 

7 BLAKE 

8 WHITTIER 

9 POE 

10 CHATTERTON 

11 BURNS. Songs. 

12 BURNS. Poems. 

13 MARLOWE 

14 KEATS 

15 HERBERT 

16 VICTOR HUGO 

17 COWPER 

18 SHAKESPEARE. Songs, 

Poems, and Sonnets ^ 

19 EMERSON 

20 SONNETS OP this CENTURY 

21 WHITMAN 

tS SCOTT. Lady of the lake, etc. 
23 SCOTT. Maimion, etc. 
PRAED 
HOGG 

GOLDSMITH 
LOVE LETTERS OF A 
VIOLINIST, etc. 

SPENSER 

CHILDREN OF THE POETS 
BEN TONSON 
BYRON. Miscellaneous. 
BYRON. Don Joan, etc 


33 SONNETS OF EUROPE 

34 ALLAN RAMSAY 

35 SYDNEY DOBELL 

36 POPE 

37 HEINE 

38 BEAUMONT & FLETCHER 

39 BOWLES, LAMB, etc 

40 SEA MUSIC 

41 EARLY ENGLISH POETRY 

42 HERRICK 

43 BALLADS AND RONDEAUS 

44 IRISH MINSTRELSY 

45 PARADISE LOST 

46 JACOBITE BALLADS 

47 DAYS OF THE YEAR 

48 AUSTRALIAN BALLADS 

49 MOORE 

50 BORDER BALLADS 

51 PHILIP B. MARSTON 

52 HORACE 

53 OSSIAN 

54 ELFIN MUSIC 

5 5 SOUTHEY 

56 CHAUCER 

57 GOLDEN TREASURY 

58 POEMS OF WILD LIFE 

59 PARADISE REGAINED 

60 CRABBE 

61 DORA GREENWELL 

62 GOETHE'S FAUST 

63 AMERICAN SONNETS 

64 LANDOR’S POEMS 

65 GREEK ANTHOLOGY 

66 HUNT k HOOD 


London : Waltir Scott, 24 Warwick Ijme, Patemoater Row* 




THE CAMELOT SERIES. 

New Oomprebeiuive Edition of Proee Works. Editid bt Ebitist BhtSw 

IN SHILLING MONTHLY VOLUMES, CROWN Svo 

VOLUMES ALREABT I8SUEI>- 


ROMANCE OF KING ARTHUR. 
THOREAU'S WALDEN. 
ENGLISH OPIUM-EATER. 
LANDOR’S CONVERSATIONS. 
PLUTARCH’S LIVES. 

RELIGIO MEDICI, &c. 
SHELLEY'S LETTERS. 

PROSE WRITINGS OF SWIFT. 
MV STUDY WINDOWS. 

GREAT ENGLISH PAINTERS. 
LORD BYRON’S LETTERS. 
ESSAYS BY LEIGH HUNT. 
LONGFELLOW'S PROSE. 
GREAT MUSICAL COMPOSERS. 
MARCUS AURELIUS. 
SPECIMEN DAYS IN AMERICA. 
WHITE’S SELBORNE. 

DEFOE’S SINGLETON. 
MAZZINI’S ESSAYS. 

PROSE WRfTINGS OF HEINE. 


Edited by E. Rhyi . 
Edited by Will H. Dircks. 
* Edited William Sharp. 

Edited by Havelock Ellis. 
Edited by & T. Snell, M.A. 
Edited by J. A. Sjrmonds. 
Edited by Ernest Rhys. 
Edited by W. Lewin. 
Edited by R. Garnett, LL.D. 
Edit^ by William Sharp. 
Edited by MathiJde Blind. 
Edited by A. Symons. 
Edited by W. Tirebuck. 
Edit^ by E. Sharp. 
Edited by Alice Zimmern. 
By Walt Whitman. 
Edited by Richard Jefferies. 
Edited by H. Halliday Sparling. 
Edited by William CUrke. 
Edited Havelock Ellis. 
Edited by Helen Zimmem. 

1 iir T 


REYNOLDS’ DISCOURSES. 

PAPERS OF STEELE AND ADDISON. Edited by W. Lewin. 
BURNS’S LETTERS. Edited by J. Logie Robertson, M.A. 


THE STORY OF THE VOLSUNGS. 
SARTOR RESARTUS. 

WRITINGS OF EMERSON. 
SENECA’S MORALS. 

DEMOCRATIC VISTAS. 

LIFE OF LORD HERBERT. 
ENGLISH PROSE. 

IBSEN’S PILLARS OF SOCIETY. 
FAIRY AND FOLK TALES. 
EPICTETUS. 

THE ENGLISH POETS. 

ESSAYS OF DR. JOHNSON. 
ESSAYS OF WILLIAM HAZLITT. 
LANDOR’S PENTAMERON, Ac. 
POE’S TALES AND ESSAYS. 
VICAR OF WAKEFIELD. 
POLITICAL ORATIONS. 
CHESTERFIELD’S LETTERS. 
THOREAU’S WEEK. 


Edited by H. H. Sparling. 

Edit^ by Ernest Rhys. 
Edited by Percival Chubb. 
Edited by Walter Clode. 
By Walt Whitman. 
Edited by WiU H. Dircks. 
Edited by Arthur Galton. 
Edited by Havelock Ellis. 
Edited by W. B. Yeats. 
Edited by T. W. Rolleston. 
By James Russell Lowell. 
Edited by Stuart J. Reid. 

Edited by Frank Carr. 
Edited by Havelock Ellis. 
Edited by Ernest Rhys. 
By Oliver Goldsmith. 
Edited by William Clarke. 
Selected by Charles Sayle. 
Edited by Will H. Dircks. 
Edited by W. B. Yeats. 


STORIES FROM CARLETON. 

AUTOCRAT OF THE BREAKFAST TABLE. By 0. W. Hobnet. 
JANE EYRE. By Charlotte Bronte. 


The CAMELOT SERIES may be had in the following Bindings Cloth, 
cut edges, is. ; Qoth, uncut edges, it. | Half-Morocco, ^t-top, antique (in a 
variety of new reproductions oPold tints); Red Roan, gilt edges, 3 s. 



Small Crown Zvo, Prinitd on Antique Laid Paper ^ Cloth 
Elegant^ Gilt Edges, y. (yd 

SUMMER 

LEGENDS. 

Bv RUDOLPH BAUMBACH. 


Translated by Mbs. HELEN B. DOLE. 


This is a collection of charming fanciful stories translated from 
the German. In Germany they have enjoyed remarkable popu- 
larity, a large number of editions having been sold. Rudolph 
Baumbach deals with a Wonderland which is all bis own, though 
he suggests Hans Andersen in his simplicity of treatment, and 
Heine in his delicacy, grace, and humour. These are stories 
which will appeal vividly to the childish imagination, while the 
older reader will discern the satirical or humorous application that 
underlies them. 

** Baumbach if a poet, whose gnu:eful iancy, originality, and kindly humour 
have gained him a wide regard ip Germany, and these stories were well worth 
translating. • . • The translation, which has been excellently done, has added 
a little volume of real value to the collections of folk>tales accessible to 
English readers. — Scottuh Leader* 

"Mrs. Helen B. Dole is to be congratulated on her translation of a 
collection of Rudolph Baumbach’s * Summer Legtndi,* 

" * Summer Legends ’ is, indeed, one of the most charming books of the 
leasoD, and occupies quite a distinct position." — Oxford Tima* 

" The collection may fairly claim to add another to the few books for the 
young which can be read with pleasure by the no-longer-young. The trans- 
Mtioa is well dioisyit***^^oiiman* 

"The translation has been done with rare ease and happiness."— 

Wteldy* 


London 1 Waltib Scott, <4 Warwick Lane, Patemoiter Row. 




A NEW NOVEL BY STEPNIAK. 


Crown ^vOf Cloih^ Price 


THE 

CAREER OF A NIHILIST. 

A NOVEL 

By STEPNIAK, 

AtUhor of **The Russian Storm Cloudy* ^^The Russian Peasantry^* 
Russia wider the Tzarsi* etc,^ etc. 


The large section of the English public now reading Russian 
fiction will be interested in the appearance of this work, the 
first novel written in English by a Russian, Intimately ac- 
quainted with the life of revolutionary Russia as the celebrated 
author is, he gives in this book a vivid picture of the manners 
and ways of the men and women ^gaged in the dire struggle 
against the system of overwhelming despotism under which 
the subjects of the Tzar live, and lets us into the very heart 
and secret of Nihilism. Besides exhibiting that subtle psycho- 
logy which we have learnt to look for as a special trait of 
Russian writers, this novel is full of stirring incident, and 
possesses one of the most powerful and pathetic plots to be 
found in the whole range of fiction. 


London i Walter Scott, 24 Warwick Lone, Paternoitcr Row. 



Croum 8w, adoui 350 pp. tack^ Cloth Cover^ is, 6 d, ptr vol, 
IJalfpoHshed Morocco, gilt top, 55. 


COUNT TOLSTOI’S WORKS, 


Arrangements have been made to publish, in Monthly Volumes, a 
series of translations of works by the eminent Russian Novelist, Count 
LyoC N. ToIstoL The English reading public will be introduced to 
an entirely new series of works by <me who is probably the greatest 
living master of fiction in Europe. To those unfamiliar with the 
charm of Russian fiction, and especially with the works of Count 
Tolstoi, these volumes will come as a new revelation of power. 

The follmving Volumes are already issue ! — 

A RUSSIAN PROPRIETOR. 

THE COSSACKS. 

IVAN ILYITCH, and other Stories. 

THE INVADERS, and other Stories. 

MY RELIGION. 

LIFE. 

MY CONFESSION. 

CHILDHOOD, BOYHOOD, YOUTH. 

THE PHYSIOLOGY OF WAR. 

ANNA KARENINA. (2 VoLS.) 

WHAT TO DO? 

WAR AND PEACE. (4 Vols.) 


Ready November 25/A. 

THE LONG EXILE, and other Stories for Children. 
OTHERS TO FOLLOW. 


Loodoo : Walter Scott, 24 Warwick Lane, Paternoster Row. 








